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Table 3 Thermal property parameters of some refrigerants
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Table 4 Research status of some elemental refrigerants
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Abstract: The direct-cooling thermal management system is one of the feasible solutions for the future
advanced thermal management system of electric vehicles, which has great potential in terms of vehicle weight
reduction and temperature consistency management. Refrigerants are the critical components for direct-cooling
thermal management system that directly impact the refrigeration capacity, efficiency and safety. Selecting an
effective and suitable refrigerant is especially important for direct-cooling thermal management systems. In this
paper, the refrigerants for the direct-cooling thermal management system in recent years is reviewed. First, the
thermal management requirements of the lithium-ion batteries and the performance of the direct-cooling thermal
management systems are introduced based on electric vehicle applications. Then the definitions and character-
istics of commonly used refrigerants are systematically analyzed. The next part introduces the research progress
of the pure refrigerants and mixed refrigerants in detail. Finally, the problems and future prospects of the
refrigerants are summarized, and feasible research directions for refrigerants in thefuture direct-cooling thermal
management systems are proposed.
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2, M) s FRER S DKL T RN x, = [,
Xios X, Ly N RS m ik BECH ; #E
vi=l[o, 0,0, ) R PRI (1) FI(2)
HEAT IR R
v,(t+1) = wv,(t) +c,r [ pbest —x,(t)] +

c,r,[ gbest —x,(¢t)] i=1,2,- N (1)
x,(t+1) =x,(¢) +v,(t+1) 1 =1,2,-- N

(2)
s o HBVEAE ;¢ e, s REGr, o,
F L0, 1] Z (8] i BEHL AR

REF T — I 20 B R IRk T 2 i % R
v, (1) A B pbest LI K 4 R AR B
gbest, pbest & Sk 1 7E £ QL B b, Feshik
N7 B BR KRR i XoF 17 B 52 5 5 gbest i SCRy > Hip A R
Hh /NI N R ES(EL FiT X N R B .
BELC 4 3% A, iR o 8 0 10 LA R B 8 i 85 1) 5
AMA AR P GDOP /M TR F4

15 PSO Bk v, 2 B0 3 OGS 45 SR kS 31 G B
YEFT,PSO & B3 i) 2 B 45 - AL M,
TAVEAE o, IR e, Floc,, FEHLE 1, A rys
X PSO SRVE Y LT ()@, B 58 & 3R AT 1A [
TR A B HE ) A s 1 e S R i A
BLR N K, R A 28 T {2 B
1.1 RENENEEEER RN

Shi fil Eberhart'"" 3@ i S I IF, 4 w <
0. 81, PSO #k B2 5 1 H A AR 5 19 Jm &8 1 K g
e AR Py 3 B S B 2 R e U f s  o > 1.2
I, R B AR R 1Y 42 R4 R B8 ) (B W SIOH i 5
1829 0. 8<w<1.2 I, SE W 83 42 Ry S 1L fide 1)
FTREPEARXS bR 2 B A0, T HL W S0 B 3
S BIESE B S R A R, B S R R

SRR 28 1k AU E Ry 50 AR, s AR 4
¢, = ¢, =2, FMHFALAL M =100, BIPEALE w 73 X
{50.4,0.6,0.8,0.9,1.0,1.1,1.2,1.3,1.4,

L6, BRI AR BUEPEAT 10 5 528, AP
¥ GDOP fH Jz vt BB 25 R a3k 1 Fx
®1EMEMEN PSO EEE AN
Table 1 Effect of inertia weight on PSO satellite

selection algorithm performance

BERE T K BN TR
w GDOP GDOP GDOP FEHT /s
0.4 2.3204 2.3645 2.2510 1.517
0.6 2.3145 2.4196 2.2510 1.566
0.8 2.3185 2.3585 2.2510 1.546
0.9 2.2880 2.4196 2.2510 1.548
1.0 2.3457 2.3707 2.2510 1.527
1.1 2.2998 2.4811 2.2510 1.626
1.2 2.3273 2.5402 2.2510 1.538
1.3 2.3434 2.3707 2.2510 1.561
1.4 2.3529 2.4605 2.2510 1.544
1.6 2.3425 2.4269 2.2510 1.539

W B Y 3 R R ROE NI LR W
GDOP i, 55 3 & 2 ¥k % 4048 & &5/ GDOP {H
HHX N TRAS. NFE T rygs 5 mTHm, 15
PERELE 0. 8 <w < 1.2 i [l N1 1% 7 243 hif
JEREUR Bl 0 <0. 8 BY w > 1. 2 B 3458 hy &
PREIUR 22, AR o BORIRL T 19 42 Jm) 1% K Ak
178 2% o A8 10 R H9: 5 p /) GDOP {5 4R 2
FHIFN Y xR W2 Ak e e 1 R 3 2 s s AL 5
2 ) — Pr JCOE FR 10 PRS- 4R d/ME, XoF By 19 6 AL A6
B A2 Ko B4k, PSO B33k 1y °F- 34 ik A& FE B 78
1.5 ~ 1.7 s 15 P ASCHL ) 356 L A6 ) 58 ) AN K
1.2 mMERFXE XN

TN R E e, B ey 4300 T R ORL 1 AE S R
FARFRNEE B L7 1 R 2P, N (1) 7]
DAY, 2 ¢) > ¢, B R BT B B T 2 B 7
HH A R ERN Y ¢, <c, B RLF T
B A ) T A B SRR A O B R
¢, =c, i, pbest 5 gbest — F I [F/E M, [
B, PSO s B 55 i 26 1k sk Ak Bl o 50 1R
PN E 0 =0. 9 FhfFHLEL M =100, fin i £ %X
c,/c, S BLE N 0.25,0.5,1,2,3 4, & FhnE &
BOBEL 73 2R 4T 10 k{5 HL 5258, HF- ¥ GDOP {i
Foitk AR 25 AN 2 R .

MR 2T UIEH ¢, e, MEBLAE R (2,
2) .(4,2) .(2,1) BRSO 8T . TR
14 B 1 A R o, R R 2 R Bk i Sl
4 Ry e A o
1.3 MBEMEE XN

B PSO FLHR LR S B b, K —
A S B B RE I RN A AT BR Ry B RS, A
TR LRSS 5 AR 08 1 A 2 ) R0 1) ¥ ) 2 B G 2 0
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M E 10 A EHEAT 5250 U5k, Bl LR MU
3 Frow , WoE LR 2k SRR B E Y 50
P BHERE 0 =0.9, I R E ¢, =c, =2, X M
(9 BEFP BCE 2 B #EAT 10 U5 B SE 5, Hp 2y
GDOP {5 Je 1k B AEBT 45 R ank 3 Frr

W 5 AR RLASE 139 34 K, Rk 9 S 249 32 A2 ]
WHEZ I EFPERLEL M =30 I, 533k 1k AR
i 0.54 s, HAE 10 S5 o RE S 41 21 H 5 o6 4L
{H o SEILPERE I BOA Bl E Bl AR (9 18 R 52 B3
WS [R5 & GDOP ik A #E I 2 8, 1k
THESAE T e AR R R, MR LBE M AE 70 ~
100 Z [\ 53 3% i 25 5 VEREBL IS

K2 MERBE LSRN0
Table 2 Effect of acceleration factor on algorithm

performance

1y 5PN AN PR R
GDOP  GDOP  GDOP  #EM|/s

IBEEY c/c,

¢ =1,c, =4 0.25 2.3394 2.3801 2.2510 1.559
e =1,¢, =2 0.5 2.3483 2.5402 2.2510 1.573
e =1,¢, =1 1 2.3551 2.4196 2.2510 1.616
¢ =1.5,e,=1.5 1 2.3819 2.5402 2.2510 1.566
¢ =2,y =2 1 2.2951 2.3474 2.2510 1.569
¢, =0.5,¢,=0.5 1 2.4035 2.5402 2.2510 1.557
¢, =0.25,¢,=0.25 1 2.3577 2.5099 2.2510 1.578
¢ =4,c, = 2 2.2985 2.3707 2.2510 1.573
¢ =2,¢, = 2 2.3083 2.4196 2.2510 1.638
e =1,¢,=0.5 2 2.3662 2.4196 2.2510 1.565
¢ =3¢, =1 3 2.3294 2.4605 2.2510 1.579
¢ =4,c, =1 4 2.3179 2.3707 2.2510 1.581

R3 FEAEINE RS

Table 3 Effect of population sizes on algorithm

performance
Tift i - EEUN B/ -2yt B
B M GDOP GDOP GDOP FERT /s
30 2.405439541 2.509928411 2.2510 0.5461948
50 2.332476761 2.419611127 2.2510  0.8282437
70 2.289530344 2.364511595 2.2510 1.1279882
90 2.308514516 2.358491188 2.2510 1.4412797
100 2.292758802 2.419611127 2.2510 1.5869754
110 2.317243548 2.419611127 2.2510 1.7939208
120 2.326449813 2.540188469 2.2510 1.9247318
150 2.312394223 2.370668208 2.2510 2.4918322
180 2.283993701 2.334593796 2.2510 2.7759295
200 2.306857579 2.370668208 2.2510 3.1238965

2 HIENELENPSOZEZEHE L

X PSO Bk A 1 A2 )AL i) I A 3 i s
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SEEAE W BEAGE AT, e ok 125 5 K, 2 Rl
WAETT 5, M 20 2 WA AL R G |, Bl ok 12
Vi AT 4 JR B DG AEL , IR A 5 R O R LA, T L
A RERIESE R B 42 5 e I, AT i B0 L
[} N e E I E RV X 1V E )/ AR R
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A TR T B 1) 3 A, T 2 A h

N {w (o fw) Uk g
O f> L
(3)

A0, @, 700 R BERCE o 895 R fH A
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I 42 J 19 V% AR 7 2T 7 A 9 T e L S
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PERRHR 22 1RL IR 7 — 2 1Y 8 R, 2 kL
() 22 REVE DTG 3 5 0 i 4 R i e T
Ak E G S E NIRRT T, , B IR
R, BEAS LA — & MR e 2 B 22 mO it IR S5 %2
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orfep RS2 A 22 R MRS 5 f, S FPRE HhORLF
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1) M4 (3) EHNE o,
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{EL , pbest 15 2 i A~ AR MR A 5 2 2R > vk a2k QA i
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WZEN O FIEAR KR ol s TR R
HERRYE, TR 2546 0 ~ 0. 45 JE [ .

Bl 1 PSO fil ASAPSO % &5 3 GDOP 45k
Fig. 1 GDOP changes in PSO and ASAPSO

satellite selection algorithm

K2 PSO.git PSO K ASAPSO 3 £ %74 %) GDOP 53R 22
Fig.2  GDOP calculation error of PSO, improved PSO and ASAPSO satellite selection algorithm
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Parameter analysis and improvement of PSO satellite selection algorithm
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Abstract: Multi-constellation integrated navigation can provide users with more visible satellites; howev-
er, the computational complexity of the navigation receiver will also be increased. Therefore, part visible sat-
ellites are selected instead of all visible satellites for receiver position solution, which becomes a hot spot in
satellite selection algorithm research. The particle swarm optimization ( PSO) is introduced into the satellite
selection process by the PSO fast satellite selection algorithm. Through this method, not only the time for se-
lecting satellite is reduced, but also the fast selection of the Beidou/GPS integrated constellation is implemen-
ted. The influence of the algorithm’ s key parameters such as inertia weighting factor, acceleration coefficient
and population size on the performance of PSO satellite selection algorithm is studied. In addition, since PSO
satellite selection algorithm is easy to fall into the local optimum for the search process, the adaptive simulated
annealing particle swarm optimization ( ASAPSO) algorithm is proposed to optimize the process of satellite se-
lection algorithm. Moreover, the adaptive adjustment of evolutionary parameters with adaptive value, the ad-
justment of particle velocity in combination with simulated annealing algorithm are introduced in order to en-
hance the ability of the algorithm to jump out of local extremum. The algorithm is verified by using real naviga-
tion data, and the results demonstrate that the ASAPSO algorithm not only can ensure the satellite selection
time, but also can improve the accuracy of the search results. Moreover, the performance of the ASAPSO sat-
ellite selection algorithm is better than that of the PSO satellite selection algorithm.
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Table 2 Potential energy function for 2D periodical

composites unit cell
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Table 3 Potential energy function for 2D periodical
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Physical interpretation of mathematical homogenization
method for thermomechanical problem
ZHU Xiaopeng' , HUANG Jun®’, CHEN Lei>"" | XING Yufeng’

(1. Anhui Huadian Engineering Consulting and Design Co. , Ltd. , Hefei 230022, China;
2. School of Aeronautic Science and Engineering, Beihang University, Beijing 100083, China;
3. Hefei Innovation Research Institute, Beihang University, Hefei 230012, China)

Abstract: The mathematical expression of high-order mathematical homogenization method ( MHM ) is
formulated by constructing decoupling form of each order perturbation for the thermomechanical problem of pe-
riodical composite structure, and it is converted into a matrix form by weighted residual method, which is con-
venient for use as standard finite element method. The elastic influence function and the heat influence func-
tion are respectively compared to the elastic virtual displacement and the thermal virtual displacement, and the
physical interpretation of each order influence function and perturbation displacement are revealed by the self-
balancing characteristics and dimensional analysis and geometric visualization. The second-order perturbation
displacement is emphasized for the analysis of micro structure. The numerical results verify the correctness of
high-order MHM matrix form and the analysis of physical interpretation.

Keywords: periodical composite structure; mathematical homogenization method ( MHM ) ; thermome-

chanical; perturbation displacement; physical interpretation
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Fig.1 Block diagram of SRM DITC system based on
optimal angle TSF
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Fig.2 Schematic diagram of cosine-type TSF curve
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Table 1 Switching angle optimization results at

different rotation speeds

B/ (r-min~')  60,,/(°) 0./ (°) TSR ik 3l
100 -3.0 40 0.117
200 -2.9 36.8 0.112
300 -2.8 36 0.117
400 -2.8 35 0.114
500 -2.8 34 0.109
600 -3.9 33 0.107
700 -5.7 31.5 0.109
800 -6.8 31 0.105
900 -7.2 30.6 0.100

1000 -7.9 28.4 0.097
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Fig.3  Flowchart of BP neural network learning
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Fig.4 Training results of BP neural network on optimal

turn-on angle and turn-off angle

BRICOS EC, 3 A SRM i 285 5 R 4 P 5080, s 1% KK
P T A B MATLAB w7 % 00 PR 3 A, T o 7
BRI ST I R I N 1 (07 B AR A L) S I A
Fedtio SRM pyResiRetE iniEl S prs

Bl5  SRM 14 e 40 45 1 i 22

Fig.5 Torque characteristic curves in SRM
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Table 2 Parameters of SRM model

28 By
T/ 5T 6/4
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% FHME/mm 74.5
T 42/ mm 30.5

Kl 6 FaE iz fT st 2 DITC i K&
Fig. 6 Improved DITC simulation diagram for

stable operation
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Fig.7 Conventional DITC simulation diagram for

stable operation
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Table 3 Performance comparison of different

control methods
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Fig.8 Experimental platform
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Fig.9 Two-phase voltage waveform
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Fig. 10  Single-phase voltage and current waveforms
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Fig. 11  Single-phase driving signal and

voltage and current waveforms
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Fig. 12 Torque waveform corresponding to different

control methods
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Direct instantaneous torque control of switched reluctance
motor based on optimal angle adaptive TSF

LIU Yongzhi"* | LI Jie’, SHAN Chenglong’

(1. Aeronautics Engineering College, Air Force Engineering University, Xi’ an 710038, China;
2. Graduate School, Air Force Engineering University, Xi’ an 710038, China)

Abstract: Aimed at the problem that the switched reluctance motor (SRM) has large torque ripple and
low operating efficiency in the commutation area, this paper proposes an SRM direct instantaneous torque con-
trol ( DITC) method based on the optimal-angle-based adaptive torque sharing function (TSF). Firstrly, the
representative speed of the motor is selected in the full speed range, and the optimal switch angle correspond-
ing to the maximum average torque at the corresponding speed is obtained. Then, the improved BP neural net-
work is trained with discrete optimal switch angle data to obtain the optimal switch angle in the full speed
range. Therefore, the TSF can dynamically adjust the shape of the TSF according to different rotation speeds,
obtain the adaptive ability, and achieve the purpose of suppressing the torque ripple of the commutation area.
In order to verify the effectiveness of the proposed method, a three-phase 6/4-pole SRM based simulation mod-
el and experimental platform are built. The results show that the proposed method effectively suppresses the
torque ripple in the commutation area and improves the system operation efficiency.

Keywords: switched reluctance motor (SRM) ; direct instantaneous torque control ( DITC) ; torque rip-

ple; adaptive torque sharing function (TSF) ; BP neural network
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Transient numerical simulations of flow rate into and out of
two-phase temperature control accumulator

MENG Qingliang'** | ZHANG Huandong" *>, ZHAO Zhenming"' >, ZHAO Shilei""*, YANG Tao'*

(1. Beijing Institute of Space Mechanics and Electricity, Beijing 100094, China;
2. Beijing Key Laboratory of Advanced Optical Remote Sensing Technology, Beijing 100094, China)

Abstract: Two-phase temperature control accumulator (hereinafter referred to as accumulator) is the key
component of mechanically pumped two-phase loop ( MPTL) system, which acts like the brain of MPTL sys-
tem. The accumulator has the functions of storage and supplying of working fluid, gas-liquid separation and
precise temperature controlling. In order to study the dynamic behavior of heat and mass transfer between ac-
cumulator and MPTL system in response to heat load variations, a transient numerical simulation model is de-
veloped for MPTL system by using the Navier-Stokes equations. By comparison between simulation and test re-
sults, it is found that the flow rate error of numerical model is in the range of +10% , which verifies the valid-
ity and accuracy of the model. The simulation results show that accumulator will exchange fluid with the main
loop in response to heat load variations. In this case, the temperature and pressure of two-phase fluid in accu-
mulator, and the total system flow resistance will be affected. The rate and amount of mass transfer between
accumulator and main loop will increase with the increase of heat power, and the same increase will occur for
the variation trend of temperature and pressure of two-phase fluid in the accumulator. The model can be used
to study the variation characteristics of flow rate, temperature, and quality under different operating condi-
tions, which can also be used to design MPTL system and to predict the system characteristics before a system
has been built.

Keywords: mechanically pumped two-phase loop ( MPTL) ; two-phase temperature control accumulator;

precise thermal control; heat and mass transfer; numerical simulation
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Table 1 Query image set accuracy

PR PHES

% il HEf R/ % N

i ik A TR/ % i /s
AlexNet-FCN RGB 94.1 0.017
RGB + it & 4% 95.4 0.022

multi-channel + WAL GPU; Titan X
) RGB + HOG 94.6 0.191

AlexNet-FCN Pytorch

RGB + LBP 94.2 0.034
SIFT 63.3 37.865
SURF RGB 73.6 CPU. E5-2670 31.254
ORB 61.9 4.586
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KRB ROC M2 K 8 fron . Jr2RavBiiEis  (7iER RS,
2 b, e RE MR 4T, W] DA FH H multi-channel Alex- F2 fESKA 512 x512 K/NET top-k T A7 2
Net-FCN % R & 41, Table 2 Accuracy at top-k when aerial image
size is 512 x 512
A DI PT o5 e 2%/ %
R ENE ERMN
2 1 A LA/ % k=1 k=2 k=3 k=4
100 67.3 39.5 26.6 19.9
=80 81.2 68.1 49.3 38.0
=60 83.9 74.1 56.0 43.6
o =40 85.1 76.0 58.3 45.5
=20 85.6 77.1 59.8 46.7
=0 86. 1 77.9 61.1 47.9
100 69.4 40.1 27.0 20.3
=80 83.1 69.0 49.9 38.2
. =60 85.3 75.0 56.7 44.0
= =40 86.3 77.0 59.0 45.8
=20 86.7 77.8 60.4 47.1
=0 87.1 78.5 61.6 48.3

*3 PIERH 768 x768 KBt top-k THIARE
Table 3 Accuracy at top-k when aerial image
size is 768 x 768

K8 ROC jifi£k
Fig.8 ROC curves
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Table 5 Recall rate at top-k when aerial image
size is 768 x 768
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Research and implementation of multi-size aerial image
positioning method based on CNN
PAN Haixia', XU Jialu', LI Jintao' , WANG Yunhao', WANG Huafeng'* *

(1. School of Software, Beihang University, Beijing 100083, China;
2. School of Electrical & Information Engineering, North China University of Technology, Beijing 100144, China)

Abstract: Image positioning is the key of UAV visual navigation. Scene matching navigation is widely
used in traditional UAV visual navigation. With the continuous development of computer technology, deep
learning technology provides a new way for the realization of visual navigation. In this context, this research
mainly focuses on image localization based on convolution neural network. In this paper, based on the vertical
reconnaissance of UAV, the aerial image of flight area is divided into several grids of the same size, each grid
represents a class of regions, and the convolutional neural network (CNN) is trained by making data sets of
grid images. This paper designs a fully convolutional network model based on AlexNet, which integrates sali-
ency features. It effectively implements a sliding window classifier with CNN multi-size input, and proposes a
neighborhood saliency reference positioning strategy to filter the classification results, so as to realize the posi-
tioning of multi-size aerial images.

Keywords : multi-dimensional aerial image location; fully convolutional network; sliding window; sali-

ency; feature fusion
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Fig.3 Image reconstruction of damage model
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Table 1 Reconstructed image consumption time of

different algorithm s

kg Tikhonov CG SpaRSA  MSpaRSA
445 model 1 0.712 0.492  0.051 0.047
whi 45 model 2 0. 665 0.451 0.065 0.047
53 24540 0.688 0.438 0.062 0.056
O E L] 0.685  0.460  0.085 0.052

®2 TREZHEZERGHEXRY
Table 2 Reconstructed image correlation coefficients of

different algorithms

PR Tikhonov CG SpaRSA  MSpaRSA
P #i45 model 1 0.4059  0.3520  0.8290 0.9523
P B f5 model 2 0.4181  0.3539  0.7003 0.9298
oy 240 0.4032 0.3328 0.8252  0.9268
€] 0.0696 0.1194 0.2000 0.4625
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Fig.4 CFRP laminated plates with sixteen

embedded electrodes
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Damage detection of CFRP structure based on electrical
impedance tomography
FAN Wenru" , WANG Bo, LI Jingyao, ZHOU Chen

(School of Electronic Information and Automation, Civil Aviation University of China, Tianjin 300300, China)

Abstract: Electrical impedance tomography ( EIT) is an emerging method for evaluating the structural
state of carbon fiber reinforced polymer (CFRP). In this paper, the structural damage detection ability of EIT
is studied by applying EIT technology to commercial anisotropic CFRP laminated plates. Some damage models
of CFRP are established by COMSOL software, and the spatial potential distribution information of three-di-
mensional field is obtained by finite element analysis. In order to improve the image reconstruction effect of
EIT technology on the damage of anisotropic CFRP structure, the embedded electrodes are used to collect the
internal electrical signals of the material effectively, and a modified image reconstruction algorithm based on
L1 sparse regularization is proposed. In addition, a set of embedded 16-electrode EIT hardware system based
on digital multimeter is established. The damage of simple CFRP is detected by EIT system detection platform.
The results show that the image reconstruction effect of damaged materials is good, which proves the feasibility
of EIT method in damage detection of CFRP structures.

Keywords: structural damage detection; carbon fiber reinforced polymer ( CFRP) ; electrical impedance

tomography ( EIT) ; sparse regularization; anisotropy
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Fig.3 Optimal trajectory of different models in one engine inoperative ( OEI) condition
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Fig.4 H-V diagram of tiltrotor in OEI condition
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Fig. 5 Flight trajectory and history of control of high hover point in OEI condition (m =6350kg)
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Fig. 6 H-V diagram of tiltrotor in AEI condition
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Fig. 7 Flight trajectory and history of control in AEI condition (m =5443 kg)
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Research on low-speed avoidance zone of tiltrotor
CHEN Jinhe®, WANG Zhengzhong, MA Yujie

(Science and Technology on Rotorcraft Aeromechanics Laboratory, China Helicopter Research and

Development Institute, Jingdezhen 333001, China)

Abstract: This paper focuses on the analysis and prediction of the height-velocity low-speed avoidance
zone of tiltrotor based on the idea of minimizing avoidance zone, aiming at improve the safety of tiltrotor aircraft
in one/all engine inoperative (OEI/AEI). First, mixed control model is introduced to establish an augmented
longitudinal two-dimensional rigid-body flight dynamic model after engine failure of tiltrotor. Second, Based on
the optimal control theory, the boundary of avoidance zone is transformed into a safe landing problem, then a
continuous nonlinear optimal control model of tiltrotor for landing safely after engine failure is established,
solved it by discontinuous finite element method ( DPG) and nonlinear programming algorithm. Finally, Using
XV-15 as the sample vehicle, the accuracy of the algorithm is verified. And the height-speed avoidance zone
under different flight weight or control restraint after one/all engine inoperative was studied, the influence of
nacelle on the low-speed avoidance zone is analyzed, the maximum safe gross weight suggested for XV-15 dur-
ing vertical operation is given after one engine failure.

Keywords . tiltrotor; optimal control theory; one/all engine inoperative ( OEI/AEI); low-speed

avoidance zone; discontinuous finite element method ( DPG)
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Single event transient pulse width transmission of 0. 13 um
partial depleted SOI process DFF

SHANGGUAN Shipeng" > | ZHU Xiang'®, CHEN Rui', MA Yingqi', LI Sai'’>, HAN Jianwei'

(1. National Space Science Centre, Chinese Academy of Sciences, Beijing 100190, China;

2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Based on 0. 13 pm partial depleted silicon-on-insulator ( PD-SOI) process, a delay flip-flop
(DFF) has been designed for single event transient (SET) pulse width, with the pulse width test range be-
tween 105 ps to 3 150 ps and the precision being +52.5 ps. The DFF has been tested by heavy ion accelerator
and pulsed laser single event effect facility. **Kr ion with linear energy transfer (LET) equal 37.6 MeV -
em’/mg was chosen to obtain a DFF 3 level SET pulse width, and pulsed laser triggered the same pulse width
by front-side testing. By using 5500 pJ laser energy, the bipolar amplification of DFF has been triggered, and
the pulse width is amplified by 32.3% . According to the same SET pulse width, a method for estimating the
pulsed laser energy reaching to the active area of chips which is also called effective energy is established.
Meanwhile, based on the experimental results, the relationship between effective energy and LET was also es-
tablished, and the deviations between the two methods were also analyzed. Other kinds of chips can also use
this method to establish the relationship between laser energy and LET.

Keywords : partial depleted silicon-on-insulator ( PD-SOI) ; heavy ion accelerator; pulsed laser; effec-

tive energy; pulse width; bipolar amplification
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Effect of low-speed modification of compressible solver on
turbulence simulation accuracy
LI Yansu'®* | ZHANG Kun', HE Chengjun', YAN Chao’

(1. Beijing Electro-Mechanical Engineering Institute, Beijing 100074, China;
2. School of Aeronautic Science and Engineering, Beihang University, Beijing 100083, China)

Abstract: The calculation accuracy of low-speed region in high speed turbulence can be improved by
modifying the compressible solver. However, it is difficult to evaluate the contribution of such modification,
because simulation accuracy results from complex factors including solver type, accuracy of schemes, grid
number, etc. This paper focuses on the influence of the compressible solver with and without low-speed modi-
fication on complex turbulence simulation when using different order or resolution of the schemes and different
amount of grid. With the calculation example of Taylor-Green vortex, the differences of the results are evalua-
ted quantitatively. The results show that the influence of the low-speed modification is different with different
scheme-grid combinations. The low-speed modification method can effectively improve the calculation accuracy
with coarse grids and low-accuracy reconstruction schemes.

Keywords: compressible turbulence; low-speed modification; high-accuracy schemes; all-speed

schemes; Taylor-Green vortex
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Fig.3 Schematic diagram of FJF bolted joint
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Fig.4 Schematic diagram of FJF hybrid joint
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Fig. 6 VUMAT flowchart for failure analysis of the adhesive layer
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Fig.7 VUMAT flowchart for progressive damage

analysis of the composite laminate with holes
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Fig. 12 Failure of FJF bolted joint
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Fig. 14  Adhesive layer fracture at the end of overlap
zone when load of FJF hybrid joint falls for the first time
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Experimental study and numerical simulation on
CFRP flat-joggle-flat joints
XU Chang, LIU Zhiming "

(School of Mechanical, Electronic and Control Engineering, Beijing Jiaotong University, Beijing 100044 , China)

Abstract; Both experimental tests and numerical simulation were implemented to investigate the strength
and failure problem of carbon fiber reinforced plastics ( CFRP) flat-joggle-flat ( FJF) joints. Based on the
commercial finite element analysis software ABAQUS, strength prediction models of the FJF joints were built.
Compared with the test results, the failure modes and the carrying capacity of the joints were studied under the
tensile load condition. Meanwhile, the effect of the lap length on the joint strength and failure modes was ana-
lyzed. The results show that the carrying capacity for each joint predicted by the model has the error value un-
der 3.5% , which illustrates good accuracy with the test results. For different lap lengths, the strength of the
FJF hybrid joint is higher than that of the bonded and bolted joint. The strength of each joint increases with the
lap length, but tends to flatten when the lap length increases to a certain level. As the lap length is small, the
failure of the FJF hybrid joint is manifested by the fracture of the adhesive layer along the lap zone and the
bearing failure. For larger lap length, the failure modes are changed into the tensile fracture of the laminated
plate near the hole and the fracture of the adhesive layer extending to the hole edge.

Key words: carbon fiber reinforced plastics ( CFRP) ; flat-joggle-flat (FJF) joint; finite element analy-

sis; failure; lap length

Received: 2019-02-22; Accepted: 2019-04-19; Published online: 2019-05-08 09 .55
URL : kns. cnki. net/kems/detail/11.2625. V. 20190506.0851. 003. html
Foundation item: National Key R & D Program of China (2016YFB1200505-011)

# Corresponding author. E-mail: zhmliul @ bjtu. edu. cn



2019 4 11 A
FH45% H11Y

tEMEMRKEFER

Journal of Beijing University of Aeronautics and Astronautics

http: // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2019. 0077

jbuaa@ buaa. edu. cn

ST R 18 547 B B S B 4L 4 183

K&, REF, mEFET, 2F7

(1. s EBE B2 WP WG KRG ¥ EAREE, st 1000805

2. pERBERERY TRBE2E, bt 100049)

i E fHEREZ LSRR CAEREAERITO Ak, ERAABETHE
EEFAFENER, IR REL M EHN LA HTUEMEL>AUREFELHT
FAMERHEA, LT FHE RN ERES R MEEHRATTHE, F 44 Kriging EA R &
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computation and experiment for NACAOO12 airfoil
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Fig.5 Airfoils and pressure distribution corresponding to upper and lower bounds of drag coefficient variation interval
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Fig.7 Comparsion of optimized airfoils
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Abstract; Uncertainties will make aircraft deviate from the designed aerodynamic performance, resulting
in the decrease in aerodynamic performance and even destruction. Due to the problem that the probability dis-
tribution of geometric uncertainty cannot be given in engineering and nonlinear aerodynamic problem in tran-
sonic flows, the non-probabilistic parametric modeling of geometric uncertainty is studied, and the fast nonlin-
ear interval analysis method is established in combination with Kriging model and optimization method. The
effects of geometric uncertainties on a symmetric airfoil are analyzed using the above method, and the quantita-
tive variation range of aerodynamic performance is obtained. Based on interval uncertainty analysis, a robust
optimization design process is established. The single-objective interval uncertainty optimization problem was
transformed into deterministic multi-objective optimization problem based on the order relation and possibility
degree model of interval number, and the optimization problem was solved by adaptive multi-objective particle
swarm optimization which is based on Pareto entropy. The robust optimization design is implemented for the
supercritical airfoil with the drag objective as well as lift, moment and area constraints under geometric uncer-
tainties. The results compared with deterministic optimization design show that deterministic design is prone to
failure under the influence of uncertainties, while the robust design is more secure and reliable.
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Table 1 Basic action library for intravehicular and extravehicular maintenance operations
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Fig.4 Chart of maintenance man-machine interface
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Table 2 Measurement of external influence factors for

intravehicular and extravehicular maintenance
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Table 3 Product repair time
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Fig. 6  Product on-orbit maintenance complexity
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Table 4 Support vector machine complexity

classification results of products
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Table 5 Theoretical maintenance complexity of

extravehicular maintenance products
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il
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Py 0.99 4.09 1.58 3.70 4.13 7.31

TPy NI AMZOEIT Hy Py A AR AN B ol 55 B0 a5
Py BRI RSk o

3 i i

AR SCHE T T Y 05 i O ie P SR L 4E
EARAR IR IE , I 20 1 25 J& T R AR N A1 4 18 1Y
A P FER ST o AR T A 2 2% AL
E LV KB HAE Dy SVM 3 R 1 S B 52 2% T 4%
Bor2e . N T SRR RL B A SO MO AR N T
A 4E1E T 0T T 5l , O™ s 4E B I K
P AR SOk B 5 4R I 1 eR BOC A, AAT



2234 b5 M = MK k% F M

A fu S 4R

2019 4¢

SR AEAE I Y TR . TE B8 5 2% B O3 B ad B
kB — R B TR R AR 05T
3.1 #ERESTEEBBANEZE

575 LR WA A A S 4E 16 B4 52 0 IR I T A
W N R T S M LR R B
BRI SR MRS AL I 4 A7 i, SR 552
Wi - R 8 T AR =S (] Vi ) 4R 8 TR
AL 12 AT K A R A, I B8 A 58 4 B i 52 1 7
BB T 50 R PR TR R
TREH EIRANETE o B B A4 A BERLC B
Ty 55 R 280 4E 18 1) 82 i, Al RE T 2K Y TR
Kot o
3.2 KBSERBESNHTE

BT b T 98 3 1 R, R 4 18 AR e R
AT B FET , A BEAR L M 5 e 5052 1 72 B4k 12
AR IR I, 33X B8 K B 00 11 B SRR B IE U
(77 R, AT 005 1 O i BE B INORS B A 4E 1B
FEIT o 52 M T 1 36 A% 1 A BIR A 1 36 9 508k A
XHER/INA T EN IR A ) e T OR S JE SR S R
I REAS o D T S A Ml S e ROk 2 ]
TEPLAERS | B 25 s 4E 1B B i B e % R 7 S
o HT
3.3 EREZFRH LB

TEHATHNE IR FH oy Kl e, R iR
P12 287 fi or g AR TR B L fe B B 2R MR AL
A4 NER XM R R G Bkt — 2
Bk o BEXHAE A BT AT 7 dh B 4R B S AR 4
i AR IDOK R (9 B0 A5, 72 W 20 9 K800 119 2 il
b BEAT SVM 328 50 A B 285 SR n] TSR K BT A5 7
ih () 4EAE 2 25 2 73 G
3.4 HEERXRESRHNR

TEBEAR I 7™ il () HEAE S 2% 5 7 R B4
B AR 20 W o] A 5% A 23 %7 3l i 4E 4B 52 0%
JBER oM, Al L% ML 1k i e e H g e 2k A 7
an (A1 XE Dy B, LA R AR AE BEA T 4R 1B I
YEAE B VERUBE ZEME AL T T HE 18 BR 112 1R TN 2
PR AR IR SCRF 4 4> J5 T 2R MR, LK #R
A 2 (i) RS JHE 454 20, (8 90 % 5% S n 4 1T TR
SR U AR B A RO BE DL, CEF 2 R R AR o 38
AR A 248 55 I 2 R 5 TC A R BSR4, PRIE 58
# I LE B4R 1B e

4 &

1) AR A BB B0 A 1 e 52 e rh 2 18
SZOR BEVEAL 9 BIOE RT3k, 20 A K4S T 2 1A e
BB A G BE M YEME SR B PN T ik o 1R

HH R T S B A T 9 S S B4R A
VRS 2R T

2) g B AT 4 AT FE A AN AER 1, 2 T
F T FEE 1 e T 6 A , AR IR T AR O ZE 8 ] K
o B BT e R TE R B BRAE R A E
AT ] 2 R R

3) K A A5 i 8] A AR 4B 52 2% LA D i A L]
SVM T ik REAR b M 58 BUAEAE S 2% 19 73 26

AR SCAR M) T AR 4B 4R A 5 2% L AR W g
TAEFEBATL 55 T BRI, WE B BATL 55 )5
EIACTR BT 5 4% . TER B RIE R 0TS
A IR 8] B % B 5 AR o R L ok ZE 48 i [R] A 350
i, HEAEAT 55 B RL R 5 0T R S I 07 0k S8 o

S Z L Hk (References)

[ 1] WATSON J K,DAVISON M T, LANGENDORF S E. Mainte-
nance of space station freedom-the role of mission controllers:
AIM-91-4114[ R]. Reston, VA : ATAA,1991.381-386.

[ 2] ANGELINI R, COSTA M. Multimedial maintenance manuals:
International space station applications for on-orbit maintenance
support[ J]. Acta Astronautica,2002,51(1) :415-425.

[ 3] LIU P,LI Z. Task complexity: A review and conceptualization
framework [ J ]. International Journal of Industrial Ergonomics,
2012,42(6) :553-568.

(4] sk, SO, 2280, 4. LK D2 SO B AR R P S IR B
W L] FR2E,2009,30(3) :1225-1230.
ZHANG Y J,WU B,LI Z Z,et al. Operation complexity meas-
ure of emergency failure operation procedure in spaceflight[ J].
Journal of Astronautics, 2009, 30 (3 ). 1225-1230 ( in Chi-
nese) .

[ 5] ZHANG Y Y,LIZZ,WU B, et al. A spaceflight operation com-
plexity measure and its experimental validation[ J ]. Internation-
al Journal of Industrial Ergonomics,2009,39(5) :756-765.

[ 6] Juili, 4, WM, 5. 2 T IRIBE MBI HEt B 7 %

SEZRVER AR [ 1], 72 B R 2 g 2% 4L, 2013,25 (2)
7-11.
YOU Z F,SHI Q,HU Q W,et al. A study on quantification
model for BDR scheme complexity based on diagram entropy
methodology [ J]. Journal of Ordnance Engineering College,
2013,25(2) :7-11(in Chinese) .

[ 7] LR, RS, . 5T 5 B0 m B & L U R 2 i &

ZeME VR [ J]. 35 MO % 2 4 02 R, 2011, 41 (3)
697-701.
KONG F S,WU Y F,LI C. Assessment of fault diagnosis com-
plexity about electrical fault diagnosis of equipment based on
information entropy[ J]. Journal of Jilin University ( Engineer-
ing and Technology Edition) ,2011,41(3) :697-701 (in Chi-
nese) .

[ 8] A=Ubee, g0, AR . MUAE 3 Jy 2 B 07 2 8 A8 AR ol 52 2% ik ik
PEBFFE L] BCDUBE 2 2 i S A2 5 TR, 2010,
34(4).813-817.

LIS T,CAI Q,ZHU B. Research on the quantification of emer-



5 11 3]

BTN, AF ¢ 2 (A 0 7 4R B4R A % B PRAN S a9 90

e R

T
e |5 2235

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

gency maintenance task complexity for marine power facility
[J]. Journal of Wuhan University of Technology ( Transporta-
tion Science & Engineering) ,2010,34 (4) :813-817 (in Chi-
nese) .

IV, TR, KB R, 55 TR B0 i e A PR ) R IR R
SIS A BEVRAY [ ). % 85 58 0l o g o 4, 2008, 4 (5)
35-38.

SUN D,ZHANG C R,LIU Y D, et al. An evaluation of equip-
ment support resources architecture complexity based on entropy
theory[ J]. Journal of Military Transportation University,2008,
4(5) :35-38(in Chinese).

o AR. KR AN AT (D] Kbk
2#,2012.

DAI L C. Human reliability analysis of heavy water reactor nu-
clear power plant [ D ]. Changsha: Central South University,
2012 (in Chinese).

PRR AFE R ARG R A B i [I]. 5L
BF2%,2011,38(10) :291-294.

LUO A M. Complexity analysis method on information systems
architecture[ J ]. Computer Science,2011,38(10) :291-294 (in
Chinese) .

LR ISP S 2R BE D] JE st AL st L K2, 2011
JIANG L. Fractal complexity of software [ D ]. Beijing: Beijing
University of Posts and Telecommunications, 2011 ( in Chi-
nese) .

Tk, U B ST MR TR S A P R R (T ]
FAHLR A ,2010,30(10) :2730-2734.

JIANG L,AI B, QI T. Application of fractal theory to software
complexity [ J ]. Journal of Computer Applications, 2010, 30
(10) :2730-2734 (in Chinese) .

PARK J K,JUNG W. A study on the validity of a task complexi-
ty measure for emergency operating procedures of nuclear power
plants—Comparing with a subjective workload [ J ]. IEEE
Transactions on Nuclear Science,2006,53(5) :2962-2970.
PARK J K. Validation of TACOM measure[ M ]. Berlin ; Spring-
er,2009:127-136.

PARK J. The complexity of proceduralized tasks [ M ]. Berlin:
Springer,2009.

A, PGSR, TR 4F . — P R G AL AT R T4

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

K7 []. T E%ZER R ,2010,20(10) :20-25.
JIANG Y J,SUN Z Q,GONG E L, et al. A systematic taxonomy
for performance shaping factor[ J]. China Safety Science Jour-
nal,2010,20(10) :20-25(in Chinese).

DARISIPUDI A. Towards a generalized team task complexity
model[ D]. Baton Rouge : Lousiana State University,2006.
ENDSLEY M, JONES D, BETTY B. Designing for situation
awareness| J . Intelligence 2003 ,56 (4) :727-728.

BRAARUD P @. Subjective task complexity and subjective
workload ; criterion validity for complex team tasks[ J]. Interna-
tional Journal of Cognitive Ergonomics,2001,5(3) :261-273.
PARK J,JUNG W, HA J. Development of the step complexity
measure for emergency operating procedures using entropy con-
cepts[ J ]. Reliability Engineering & System Safety, 2001, 71
(2):115-130.

RUSSELL J F,KLAUS D M. Maintenance, reliability and poli-
cies for orbital space station life support systems[ J]. Reliability
Engineering & System Safety,2007,92(6) :808-820.
RUSSELL J F,KLAUS D M,MOSHER T J. Applying analysis
of international space station crew-time utilization to mission de-
sign[ J ]. Journal of Spacecraft and Rockets, 2006,43 (1) :
130-136.

i X B A AR IR TR R W r ik wE R L]
LR G 2 5 2% TR ,2014,27(2) :138-141.

SHANG K,LIU X Y, LI M. Study on measurement method of
spacesuit glove fingertip force[ J]. Space Medicine & Medical
Engineering,2014,27(2) :138-141 (in Chinese).
A5, Tor, B EAR. AN R T X T8 01 =5
P EAFFE[T]. YR 2E TR 2% ,2013,30(4) :767-771.
LI Z Y,DING L, YUE G D. Study of mechanical effects of the
eva glove finger base with finite element modeling[ J . Journal
of Biomedical Engineering, 2013, 30 (4 ) :767-771 (in Chi-

nese) .

fEE R
BHEW B MLoid. EERITWANTR,

A B WL HE,

B 30 EIW RIS ERE P IE NN

TR



AL HLF W

2236 b B = R KR 2019 4

Evaluation of space station on-orbit maintenance operation
complexity and its experimental validation
GE Xiangyu, HUANG Jie, ZHOU Qianxiang~ , LIU Zhongqi

(School of Biomedical Science and Medical Engineering, Beihang University, Beijing 100083, China)

Abstract: On-orbit maintenance is essential to maintain the safe operation of space stations in special en-
vironment of outer space. The harsh space environment and the structural characteristics of space stations de-
termine on-orbital maintenance operation complexity (OOMOC) , which is related to the optimization of main-
tenance program, the development of maintenance plan, the arrangement of cargo spacecraft, astronaut train-
ing and space station maintainability design. However, there are few studies on OOMOC. In this paper, we
proposed the concept of OOMOC, and established a complexity evaluation model based on information entropy
theory. The model is composed of the instinct maintenance complexity and the external impact factors. Mainte-
nance logic, the number of maintenance operations, human machine interface ( HMI) for maintenance and
knowledge support were considered by the instinct complexity, and quantified with information entropy; the
external influence factors covered operation space, tool support, time pressure, visual occlusion and impact of
spacesuits, and were quantified with a graded scoring method. To verify model, the maintenance test for 12
types of product based on the ground simulation cabin was performed, and maintenance actions and duration
were collected. The experimental results show that the proposed model can better quantify OOMOC and predict
maintenance operation time ( correlation coefficient is 0.82). This paper can also provide methodological guid-
ance for on-orbit maintenance, evaluation of maintenance programs, astronaut crew training, and space station
maintainability design.

Keywords: space station; on-orbit maintenance ; maintenance operation complexity; complexity evalua-

tion; information entropy

Received: 2019-03-20; Accepted: 2019-06-21 ; Published online; 2019-07-02 10 .45
URL: kns. cnki. net/kems/detail/11.2625. V.20190701. 1557.007. html

* Corresponding author. E-mail: zqxg@ sjtu. edu. cn



2019 4 11 A
FH45% H11Y

tEMEMRKEFER

Journal of Beijing University of Aeronautics and Astronautics

http: // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2019. 0130

jbuaa@ buaa. edu. cn

E T HEVL4E < By B F &0 4 = JT N i

SCEL

ERR, BEET,

1B 1L AT FE PTG

FEE, EXR, B, B

(1. MWFERZE RS MG 2640015 20 P ECRAEHCZE 91115 BB, SHil 3160005 3. JLHRRHE R HHRPLERE, T 212003)

] B mER A TRTHGE TR BT EREIT R, B - ETH
MAER G TERPAT T . RAZRNMEZ R Wiener T B EAF T Z RO I BEA, I
ATmEEFFAREMNELTERS K G Ik B 85k &M T 2T Copula i £ 8y M AL A
IBEB RAFAREN T H SR E TR AT G, S AR AB REELEN
(DIC) L LA K Kendall 7 8y S B it EHE T AT XRA LR HRXARXRFEFFHE
FEH#ATEETRE. RERALOARIET IR T EARME, AFRANRERGLAFT B

FRERMET AR HE

x g i
HES %S TBI14.3
SCRRFRIRAD: A

Bl G ADRRL S 5 4 P 1 T2 R S kD
AU B T R B 2 A s T A A L
ft o MR R AERUE TAE N ) F PEREIR AL 2218, AL
AR SV REAS DN B8 2 28 Mk LA PR s A A5t 4 A7 AT
SEPEVEAL o PRI R A 3 5 A T S R DA Y
ARGEAR . TE IR S 2 7 AR AL R 3L
10 Foe TR N g R A Ui R X 2 b R AL IR A
BRI AR, W T oo R kAR R T
A4 T LTS A , DRI Kol BE A b s 1o o

SR INS I EE I RS SO B N 60 2 3 L NS K
VR Z 7 R MK R, 77 i iR 22 e 2 %
WAELER o ERT, 25 S8 AR 22 S5 14 Bl AL 2o 7 A Y
e ] SEPEGUERAG B TR Z BN T, ande R 3
KRN AR Wiener f 2" Gamma 1 2|
Inverse Gaussian i F s 1) 4 (0 D) | B 5% #6 2
TERUE WL SR 177 i T REPEPRAL o oy 25 O

Al MM Rk R B BT

NXEHS: 1001-5965(2019)11-2237-10

TEE R AR RR B TR OB AL, A
PR 22 5 1) BE AL A ] 5 Ak DAL U A5 2 B DL 2
AT B R T R L AR R S R T
TI LR Z 5 R AT AT R OGP

T E AR 2 M 5 I B ) B 2 ROG R T
T A e AT A R DAL Y AR o — AT
ME Lo H AT, 2R T AR R 3 AT R B ML A A
R, BB X A 30 2 AN 25 B8 AR 22 S 1) B BIL o A
BRI SRS I N T B R E &R o BRI BT
fifk DR 7 5 TR 22 2 MR Al 2 3 {15 A 2 5 3k
JIHSRAR, I Wiener i R R, 5EAFAEH 2 4
ANTRMBERE < ABUE PR RS 2 505 1 A SR T S 5L
A R Iy O B R SRR S B
5 I R A ARG S ARk 3 BT A
GERNAGBEEAN T o I — MR R D5 15 A 2 3 1 sk
PR N U B2 BN 2 A @5 1B NN SES S

W B . 2019-03-27; FABH: 2019-05-28; M4 H AR E : 2019-06-06 1017
W 4& H R b4k kns. cnki. net/kems/detail /11.2625. V. 20190605. 1453. 002. html

ES&THE: ERHARFISE (51605487)
= WIS 1E&E. E-mail; Tengkn@ sina. com

SIA%S: 2R, Bk, M, & RTHINMXGE FHE-T B4 TEEFHFT] X MEMKXAFF®R, 2019, 45
(11):2237-2246. GAIB L, TENG K N, WANG H W, et al. Reliability assessment for electronic components with bivariate ac-

celerated degradation based on random correlation [ ] ]. Journal of Beijing University of Aeronautics and Astronautics, 2019 , 45

(11 ):2237- 2246 (in Chinese ).


qwqw
新建图章

http://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=BJHK201911014&dbname=CJFDPREP&uid=WEEvREcwSlJHSldRa1FhcTdWa2FjcWpySkMwT1VyckdyZm10RUNid2t0RT0%3D%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

2238 b5 M = MK k% F M

A fu S 4R

2019 4¢

R, E PR AN A ) S A O DR IR R BA
AR D00 s P 0 2 R — S AN B[] A2
PR R, b N SCHR [ 12-13 ] #E 5 73 3] T Wiener
T PR SRS 2 BRI B S S I, ) i 2R
KF o VLB ERIE N e, XA % 8 A
A 22 S B B AL o PR A AL ) T Sk [ 14 ] R A ke
PRl 8 D U e 5 A5 2 T I N ), 2B S A
2551 Wiener S PRI SR 5 N I AR KR .

IR A A A O R R
F Copula pRELAYHEBI ) IE " A R AT 5%
BF 5 ) —CRE R AL . 7E3ET Copula
B A 7 vk b, BEAR A Copula RS R
[ (L, BV 220 1 7 S R 2 T A 7 1 B PILAH DG
Peo SCHRLL7 T4 1 FEALAR DG 1 g A SEUAE, (5 H i
FHTERE N IR A i — 20 2% Em s v Sy Ve T
Copula pRECS S INE R SR E R

25 b, ke vl 1 A o0 R Al AT S
PEAGE RS, N7 R DU 37 7 2 i — o B AILAH O
PERE B 1k w] FE PRI A HE 28, R ] Wiener RDV
( Random Drift-Volatility ) #5 5 g 47 31 2% 43 A5 345,
e Ik fiff b, A @ T Copula & 9 £ 4> B
BLAH S RL, SR FH G B B DL - 34 2 Ak 1 vk i

125l Gilid OpenBUGS BR{FSLBLEL T MCMC
(Markov Chain Monte Carlo) B &84t iT) , #4714
KRR e £ | e 2 T 58 R 2 T ik b AT T 5 S
TEERL, I R SE I BE 1 i 4 7 vk AT AR o

1 Rt AXAEESTESR

BT Wiener 2 2 (9 — 50 00 2 BE 1B 4k 7T 58
PEGr L LI G0R A ZE Al , FI T Copula B
RO ZOUMISR R R . EEALEE 3 M
75 - O 2k 53 A SRR S A 5 v oy B DL i
ISR AL QX T SRR 2 5 ik i AT ST A
G, AR A P RE IR AL K, R ] RDV AR
LG ATRERL 3 25 1 i 18] AT BEALAR e
HESLIE T Copula B LAY A SEPERLRL; SRR, R
193 5 BE DU 3 2 J0fl 3 07 i 0 10 G o0 A B B kA
SR TR A 1 15 B G 03 AR AL R
SRR O A {H, 5 Ho AR Copula bR %51 iy A
{6, I8 i Copula bR AR Y 356 £, 1 2 A Xt 5 {0
4 AH SR8 7Y 5 i e, 78 2 BRIl T 0 A 1 0 5 i
b SRS R 2 5 1 adE S AT A T pR B £k 52 A
7R P REPE DAL o BEASHEZLANE 1 RN o

BT ZIUAHSCIR f  BE 2

Fig.1 Framework of bivariate correlation degradation modeling
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Table 2 Parameter estimations of marginal distribution
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a, 4.448  [1.288,9.462] U(0,10)

Yrov(1) 2.901 [1.23,4.303] U(0,100)
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Table 3 Parameter estimations of Copula function

i 2% WM bty DIC {4 T

Gaussian 5% A 9 0.1581 U( -1,1) 179 0.1011
Frank 75 A 6 2.897 U(0,100) —-14.07 0.2981
Gumbel B£%1 A ¢ 1.302  U(1,100) —-11.46 0.2320
Clayton #5%1 A @ 0.558  U(0,100) -12.18 0.2182
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Table 4 Parameter estimations of random

correlation models
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i B KOF-3 0.95) VoL 1
A 6 2.897 [1.493,4.288] (0,100) -14.07
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B YB(1) [ 5 J (0, ) _13.64
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3.677 1.615,6.332 0,100
c v [ I« ) _le.45
b, 2.357 [0.2282,5.605] (0,100)
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: 813.9 29.4,1909 0,2 000
Yr(2) [ s ] (0, ) _13.66
Foyis) 2,193 [0.1382,4.711] (0,100)
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Reliability assessment for electronic components with bivariate
accelerated degradation based on random correlation
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Abstract: Targeting at the difficulty of reliability analysis for electronic components with bivariate correla-
tion accelerated degradation data, a reliability assessment method based on random correlation is proposed.
The Wiener process model with random effect is used to model the marginal degradation process considering
the individual difference, and the relationship between model parameters and acceleration stress is established
by using acceleration factor constant principle. Then, a bivariate degradation model with random correlation
based on Copula function is established. A two-stage Bayesian method is introduced to facilitate the parameter
estimation, and the scatter plots, deviance information criterion ( DIC) and the non-parametric estimation of
Kendall 7 are used for random correlation model selection. The reliability calculation is carried out by Monte
Carlo simulation method. Finally, an example is used to verify the effectiveness of the proposed method. The
paper has significant meaning for the storage reliability assessment considering individual differences.
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Fig.6 FDA-MIMO beampattern based on MVDR (N =9)
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Fig.9 Transmit beampattern of subarray-based FDA with sinusoidal frequency offset
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Fig. 14 PA beampattern with pointing error
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FDA platform external interference suppression based on
SD-LCMV algorithm
WANG Bo', XIE Junwei""* , ZHANG Jing’, GE Jiaang'

(1. Air and Missile Defense College, Air Force Engineering University, Xi’ an 710051, China;

2. Shaanxi College of Communication Technology, Xi’an 710018, China)

Abstract; In the process of suppressing the interference which is close to the target position, minimum
variance distortionless response ( MVDR) beamformer will have the mainlobe distortion problem with mis-
matched steering vector or larger number of elements. We use the overlapping subarray-based sin-FDA as the
receiving array instead of the uniform linear array frequency diverse array (ULA-FDA). The weighted vector
of the mismatched steering vector is solved by the steepest descent linear constrained minimum variance ( SD-
LCMV) algorithm, which can effectively correct and preserve the mainlobe of the beampattern. Simulation
verifies that the overlapping subarray-based sin-FDA has the best mainlobe width and low sidelobe characteris-
tics. When there is a pointing error of 2°, the steering vecter of the overlapping subarray-based sin-FDA can
be corrected and the shape of the mainlobe can be corrected while effectively suppressing the interference.

Keywords: frequency diverse array (FDA) ; overlapping subarrays; minimum variance distortionless re-
sponse (MVDR) beamformer; steepest descent linear constraint minimum variance beamformer (SD-LCMV) ;

interference suppression
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Table 3 Trajectory optimization results by different methods

Pk RO REAM e WEAR e, RERGRE RS KESE RSB TRREEE (S W) /s PEREIER

hpL. 1 10 ~* 0.25 [3,10] 130
hpL 1 104 0.5 [3,10] 122
hpL 1 103 0.25 [3,10] 209
hp 1 10-* [3,10] 132
hp 1 10°° [3,10] 250
ph 1 104 [3,10] 105
ph 1 104 [3,6] 114
ph 1 10°° [3,6] 273
hpL. 2 104 0.25 [3,10] 79
hpL 2 104 0.5 [3,10] 96
hpL 2 1073 0.25 [3,10] 126
hp 2 1074 [3,10] 82
hp 2 10°° [3,10] 155
ph 2 104 [3,10] 79
ph 2 10-* [3,6] 81
ph 2 1073 [3,6] 152
hpL. 3 104 0.25 [3,10] 65
hpL 3 10-* 0.5 [3,10] 65
hpL 3 1073 0.25 [3,10] 91
hp 3 10 ~* [3,10] 70
hp 3 10°° [3,10] 86
ph 3 104 [3,10] 66
ph 3 10 ~* [3,6] 69
ph 3 10° [3,6] 89

33 3 3.5201 -0.1129
37 4 3.8785 -0.1128
30 5 7.4670 -0.1128
39 5 4.4628 -0.1128
58 13 56.2722 -0.1128
20 4 42.7169 -0.1126
28 4 4.4616 -0.1126
67 7 10.3781 -0.1129
20 4 3.2708 -0.0148
26 4 3.7844 -0.0148
23 3 2.9970 -0.0148
23 4 3.0593 -0.0148
40 7 10.2973 -0.0148
20 4 6.9728 -0.0148
22 4 5.9016 -0.0148
34 5 5.3332 -0.0148
20 4 11.7455 0.4678 x 104
20 4 12.3064 0.4678 x10 ~*
21 6 15.3801 0.4672 x10~*
22 4 34.2506 0.4672 x 10 ~*
26 8 19.3349 0.4672 x 1074
20 3 83.6965 0.4678 x 104
22 4 21.7903 0.4678 x10 4
26 5 17.7967 0.4672 x10~*
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Reentry trajectory optimization for hypersonic vehicle based on
adaptive pseudospectral method
REN Pengfei, WANG Hongbo " , ZHOU Guofeng

( China Academy of Launch Vehicle Technology, Beijing 100076, China)

Abstract: In order to solve the reentry trajectory optimization for hypersonic vehicle, a three-degree-of-
freedom reentry kinematic equation considering the earth rotation was established, and a reentry constraint
model was built, which took America’ s universal space vehicle as the object. Firstly, Legendre-Gauss-Radau
points were employed to transform the continuous-time optimal control problem into a nonlinear programming
problem, and three typical optimization problems including maximum downrange, maximum crossrange and
minimum change rate of path angle were discretized. Secondly, an estimation relational expression of relative
error relying on decay rate of Legendre polynomial approximation was established, and an effective adaptive
mesh refinement strategy was proposed. Finally, three typical reentry trajectory optimization problems were
well solved. The simulation results show that the result solved by the proposed method is consistent with the in-
tegral of variable-step-size Runge-Kutta-Fehlberg method. Compared to the traditional adaptive pseudospectral
method, the proposed method achieves more reasonable mesh refinement, less mesh iteration numbers, faster
computation speed and less sensitivity to the user-specified parameters.
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W BE A2 AN, BRI 2 T A S %
5 RE I MR R B2 7E 2R S AREZ L
A, Rodrigues 5 4 H1 i 2 BT E 35 A i
4E (Hesitant Fuzzy Linguistic Term Set, HFLTS) f,
VFUURE 2 A AR 1 5 R IE R IR A
HAEATE S R TE BB AR S AHSE, Z2m T & X
AFESAREN MR, T SEXMEL,
Pang % '* f£ HFLTS SEf b i i % 454~ i 75 A i
FEIRE ST & T AR TR F R I 4R ((Probabilistic
Linguistic Term Sets, PLTS) , 75 % #3840 T 1 115
BMZER e TinEFEEREM AT, 55,
FMEA A5y —Fi e R D S AT O, 38 i — 4 5 IR
B LRI E RKEAT " . % ] FMEA H
BA % 5238 5 ok B AN [8] B S35, AT R A6 0 T 45 A4 Rl
LRGN T MAFTE 2 5, TR ARG IR E F VRIS
B T RE S P RDRLE R 5 RIEE . I,
ZRLE PLTS BEAR G b ik the & 52 XRG4k 15 8 1Y
ANTif 5 PR 22 B P )

T E AR G FMEA J5 3k Z20ms T XU T
AFRS R ) R B, ORI AS 32 | 2 WL AR i A 45
B WRAE BT T 0 XU B A . e, 0
T A B — % A 2 R o b 1 ( Analytical Hierarchy
Process, AHP) ' FIAE/RAE 17 45, AR, el
4 1 ( Best-Worst Method, BWM) "' iy F g f# IF
& W05 . — SO 075 T D i BB B A S R
MBI TR A, RO | B K R 22
WS T T R R N T % E
R TGRAN 325 0 26 WL AN 35 25 5 1 28 5 IR, AN A
AE 5 1 32 WL 32 40 1 L ¢ 28 6 0 WK 1) Bk i, 3
RETE 0 B IEPEAL A5 B A B 9 B LI R, O HLoaT AR
I8 ZE X VA 5 A0 1 R R R R LA L
1], FLAT 0 3 ) L A S R

FMEA 75 i r i B 45 5 4y JXU S G 5 20 i) At 5
& & £ )8 Pk vk 8 ( Multiple Criteria Decision
Making, MCDM ) [a] "> | 5 i, ¥ 2 MCDM J
EC YU T AL 58 FMEA J5 3k, b 45 K 4
JCHE Sy BT T T AR A 1 HE )Y 4% AR ( Tech-
nique for Order Preference by Similarity to an Ideal
Solution, TOPSIS ) RN - 4 1 BF £ 7 ( Complex
Proportional Assessment, COPRAS) (3] ZlEMih
B3 5 Xk b s (Multi-Attribute Border Approxi-
mation area Comparison, MABAC) ") Brans ’%‘?Zm
$& 0 O 4 I 45 44 F- 4 7% ( Preference Ranking
Organization Method for Enrichment Evaluations,
PROMETHEE ) J&& — il 5& T W 1 L %8¢ U7 28 10 )% %
F 1) MCDM J5 ¥k , A e 3 HoAth 7 v, AN o7 2%

6 bR (E HE AT BT Th Ak B, A5 Bk G T 45040 Ak B v
PR AR B2 T LA R T B o D A A
P& W55 (A3 AN 45 SR o B Uil )T o

L5 L TIHR A SCHR Y — B 2R EE ARG A
i N F PROMETHEE fy ek it FMEA J7 ik, %
16 R 2R PLTS 3& B T A [R) %03 85 5 fin g
BT R B I IR T otk X
LR 4 bR BN 51N T B0 T R A gl
FMEA F A 200 B KBS PF Al 5 8 s 5 08 & K £
25 6 S0 R DA & WA BT T R & i A
BWM FlRG AL 45 4 19 25 G OB 1 e XU TR 7
FUEE 3% PLTS f m] A B 28 25 o f 58 o B0 35
WAL P R 4 R, SRS T PL-
PROMETHEE X i 458 X 3 47 KU HE v o e s
DAFE 35 22 40 20 30 B IR DAk 43 B Ry 491 365 30F T AR SC
J7 ¥ WA A5 S A M

1 EaiHER

1.1 #WMEFSAIEE

EX 1Y AN EFTRIEER S =
s, la=0,1, 27} Jod ¢ RIEE N T Hiiik
LR PG B0 B AAS 6oE ME, E L — A
PLTS H
L(p) = (L7 (p") LV e S,p" =0,

#L(p)

L =1,2, #L(p), Y p"" < 1j (1)
l=1

AL () MMERAGE N p Y B E ARE LY
#L(p) HFTA L(p) T BHE S ARENDE.
1.1.1 PLTS #4E4L

#L(p)

PLTS i Y p" MM FR % R KT Fr A ol fig
#L(p)
MBS ANEMMESTEE. 4 Zp“ <1 B,
LR H RS B R A BB AR R A, I 7
X} PLTS #4745 HEAL
#L(p)
EX 2" AFPLTS Y p <1 MR o
fEy PLTS L(p) 5 XNy
L(p) = 1LY (p") 1= 1,2, #L(p)} (2)
ﬁqj:;m _ p”)/“LZ(]:)p(” . é\r“)%jiﬁ%jﬁiﬁ e
(R b5, ) PLTS Py i e 248 rp " T+ 5
HEF % PLTS Py A A4 r O p Ul I e 2, )
TEE I Y T HES
EX 3 BWL(p)={L" (")l =
2"""# Ll (P)% *H Lz(P) = % L;l)(p;”) ‘l =

| |
—_—
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2, # Ly (p)JE 2 MARTFMERE S ARELE, R
#L, (p) >#L,(p) ,JUHGH#L, (p) —#L, (p) MHEF AR
WWmE g L, (p) , B E S ARIEZ L, (p)
T /NIITE F RTE, HILRER S 0, {45 L, (p) F1
B L, (p) AL 115 5 ARTE A EONR 55
1.1.2 PLTS &4 R4

EX 47 Q Gk AR LA 1 K
E=(qg=1,2,-,0), HARHEMEH[A,A,, ",

Q
AV H Y A, =1, Hig LR K G PLTS Oy

L (p) ={L" (p" )L e St (g=1,2,-,0),
] % 5% 20 4 PR AP AR 1 254 PLTS g
Lip) = {1 (p") |1 e Sp" =

0
N oA, L= 1,2, #L(p) | (3)
g=1
Koo, R L (p) ik E AR LY WAL, 1
2 = {Piq> Li]) € L(L])(P) (4)
0 L ¢ L7 (p)

1.1.3 T T3 F 69 PTLSs # 5

EX 5™ XL (p) ML, (p) fEE 2 4
PTLS,r” (i =1,2) 0% L (i =1,2) iy F Az, W
L, (p) RN/NTF Ly (p) Byl fEJE & Ly

p(L(p) =L, (p)) =0.5]|1+
#L1(p)

Y (aL)" = a(L)™)

#L,(p)
> [(a(L)? ~a(Ly) ") |+ all O L)
(5)

Aria (L) =r"p" (i=1,2)5a(L,NL) N
Ly (p) I L, (p) 138 L IX 35
1.2 Z“RiEXNARNERREH

I I SE GBS B S k[ 23],
T R T e X FE R 1R KL
BRI BT

BN 6 WA T, AR E S M
HEhy S =18",8"% e S H ST = (sl a=0,1, -,
T, - VL FombiER T, (T, HEE) M k26 S
MR, XTI N (s,,0) 19 T8I L, Hh e
ISR, 2 LR ¢ SRR %2
) B 3% o A A W ST ST A
(s,5,0") = £(sk,0) =

-1/ Ty o
T, -1
1.3 ZjiEX%# PLTS
EXT #S=1{s,|a=0,1,-27] E—1iF

BARIEE, Q% S T ARG T ARIEE TG
B 8 SRR BT F ¥ —o01E (s, 0) iR
HAEN /Y PLTS
F=Sx[-0.505)—>0
{ (1)
F(s,,0) = {s,(1 =B),s,.,(B)}
e A (s,,0) MR, HB=47"(s,,
) —t,
TR T, e 1,
FE1 #%S=1{s,]a=0,1,- 27 &—if
AR, ool L (s, ,0) RS PLTS 2
[s,(1 =6),s,,(6)1 6=0
F(s,,0) ={ (8)
s,0(=0),5,(1 +6)16 <0
iERR N 0=0,A""(s,,0) =a, W t=a H
B=A""(s,,0) ~t=a+0-a=0,z8HX(7)H
2 ,F(s,,0) =1{s,(1-0),s,.,(0) ;4R 6<0,
A (s,,0) <a,Mt=a-1HB=A""(s,,0) -
t=a+0-a+1=1+0,iaH(7)1H, F(s,,0) =
{5, (=0),s,(1+6) 1, E &

2 i FMEA Fi%x

hfif AL 5 FMEA B8 ) e, AR SCHR T
—Bh 2 L B 15 F 5T 3L T PROMETHEE
MY e FMEA J5 % i%07 1 E 2445 3 BB O3
T2 PLTS 1y i B 5 =X XU 1F £ 5 @ F1 25
B AL 25 A B BWM R AL i 7 A XU R
FE WAL ; @ 3 F PL-PROMETHEE [ i [ #5
KB HE T o it FMEA J5 25 A2 28 370 72 1] 4n
I T
2.1 HEFSHiE PLTS WigEa K EIEs

T i A X RS T Ak T, R O T 55 R
LML Z55 1) FMEA [ BTG 6 5 AU BF- il X 42
FME {2 [ A 50 6 G2 v A i e =
2.1.1 HRXRATRE¥E PLTS a3 R4 X 3

A7 R e i 46

¥ FMEA H BN A Q 7k B AS [6] %l 45 5
MERE (q=1,2,-,0) , BPMELRXYUIBE LR
BEA,=0(qg=1,2,-,0) ,FMEA JIBA & Z 0] A
R A AN N S5 R 4, 18 FAS )R B o 5 R 1 4R
S={8" SR, STk RB A S WA, BRI TR
E, ffi 3 F S = {s [a=0,1,-,T, -1} i
PLTS 4@ sk i P A5 15 8., W % 500 56 T RUR:
HF RF,(j=1,2,,n) FIETERER FM, (i =
1,2, m) B PEAk 5 R
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1 Pt FMEA J7 B E 22 i R 14
Fig.1 Flowchart of improved FMEA method

R = [er(p)ij]lxn =

@Tk(p)ll LTk(P)u LTk(p)mD

[

T/L(P)zl LTA‘(P)zz LT/'(P)zm (|
O . : .o ¥

QT . ) . ) . g

L (p) . LH(p) L'*(p),,H

2.1.2 % % PLTS ¢ — 34k
T FMEA % R AR 5t ML 8K ¥ 2 57,
A GEAE X R — 7 G AT VA I T 2 1 PR R AR
JE M E VR4, A IR AR 5 B RE I L R
0 FH RS 20 B35 5 RE S MR, % 58T R G HL
R B ARIEE . T L KR R
fii 75 B HEAT S 405, 1 00 2 B0 ISR 4 — Btk
B M o 35 % — FlORLBE B VR 4 R AR T
S BTN SR B o AR TE S IR
AR SCHRE b T e U R R B 5 A
THMEF AR S 2R PLTS [0] i 4
EX S8 WS ={st|a=0,1,-,T, -1},
ST s =01, T =1} & 2 A A ) RLE i
HIEM A, N TH T S PLTS L™ (p) =
[LI(pl) | LI e S™ | s g 3T STHi PLTS L] (p),
ALK A SRS LU IR SRS 0 A8 R G
(D ,0) B AR R E T 1 40 R (6) i
TG SURER S MY PLTS L) (p) R
L (p) = F(u(sl*,0)) = F((s;*,0)) =
[sH(1=B) s/l (B) ] (10)
Adee B a (T, - 1)/(T, - 1) 55 5%,

HB=a(T, -1)/(T,-1) -1,

ZEF| PLTS & DI E 115 LI X i i %
prt R LA xR L (p) AL, B A
R (3) M (4) BEMHF L (p)

2.1.3 HRUBEHELORE

BT 2 FGE X3, %A A B TR A
R =[L"(p),]n . FRUEALALHE, 25 & 4 FALTE,
Ha (3) A0k (4) 58 82 50 MR T4l 46 I 75 2 1
WA I R = (L™ (p) ;10 o
2.2 GABRMERENBEFNE
2.2.1 BWM #E XK HF EZWME

BWM 5 AHP 25 {p), 1 2 3 T Bt He 42 i1 8
B E R 2 AT 225 o U0 94 G L T A s — e %
Fafb i Ay . BWM i sE KU P 7 32 WAL
RO S

S| LR E AR T RFY R
2 M T RFY

HB2 LRFI L ~9 FREEST 4y, B B
XU DRI LG A IR I R £ D e 2 B 40 82 1
Bk A =1y et o ayt | T e iR
FE XUR PR 15 58 A XU PR A L R e 7
AR ay, =1 [RIBE, 0 A XURS: BT A HE T
2 KUR: R B i 4 o B, A A L AR ) B ALY =
layy yasy o ale b Hd ) HHS A R R T
5 05 2 XK TR L 1 A e P BE

SB3 RIE R R B T A E

w3l R AR TR

{wl Jwy e
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min ¢ THIE N
s(q) m
! q (q) _ 17 T ’ T '
%:fm_%,“ <¢ Ho= = 3 ) ) (e () (13)
() SBI HEEXEEFEWAE, S X
J q () N
o man | S ¢€ iy BT ERE
s. t. ¥ (11)
1 - H.
%ww) =1 wlo = . (14)
I__LI:I / n - ZH/
j=1
L' =0 2.2.3 ALETEAREREILRE LS

A :E(q) WER E" AR —EE iR 22 5w,
wy” ' R RE, e i B R T
o 28 AR PR 1 RS 7 A4 IR R 118 S AR

$BW4 A E,BWM A — 80 R
CR R 2 bb B o 1) — ik

(q)

CRY =& (12)
A CIy — BB (L E 1), — Btk R
CR W T Ho# i) — B0tk /K F, CR {E 238 0 % W
P o — 3tk M E  CR fH/NF 0.5 RIS
W BWM i m] S o A

SB|S R (1) PIBRRIF S DL R
S AU PR 32 WA B, B 2438 1 I ACF- 1
A R A RS P A {w) ws e w) | o

®1 —HHEY

Table 1 Consistency index

CI

5l
=
=

0
0.44
1.00
1.63
2.30
3.00
3.73
4.47

O 0 N N R W =

5.23

2.2.2 BBGEAHERNE R FEILRE
TAGEE A AL AR S F R R 2D
R R FLALER (Y R/ OIS AR B O
5B AR B B/, — R L ) SR % W)
R J7 1 o AR SCR I SCHR [ 27 142 9 — Fl
PLTS PR 55T (8 40 A3 5K Ak AU [R5 % W AX ., ik
BB R BE K BCRE PR A AR M R =
CL"(p) 1o, e B O 19 40 oA B4 5 R =

#L(p)
(L (p) 0., Hod L)y = 3y
=1
#L(p)o
i S A = PN 5 S R T = N 3 It P |

g4 BWM FLE AL 5 0 i 32 00 % WL AL
B KU g A ACE T DR
wj:yw/.s+(1—y)w;) (15)
Koy y EWALE R, SO 5 32 00 1) K 7 X
B PR AR b ) e BB LA (0,1 ]
2.3 EH F PL-PROMETHEE #j #§ f& & =X KU &

He

PROMETHEE J& — ] i it i & S it A it )
W% 75 2 H SE AR BE 1) MCDM. J5 3 o AR SCHE KU
P2 A E w, = tw,,w,, - w, | 82 B O
T, PROMETHEE #; J& %] PLTS 5 & 3558 F LU
fift et 5 FMEA J5 25 v i e 455 =2 g XU £ 58 2
[n] @, J&F PL-PROMETHEE 9 # A5 =X RS HE
FeOr BB AR

BB HEREEF RF(j=1,2,--,0n)F
AR FM, X T FM, (i, k = 1,2, ,m) B9 SE
PREL T (FM, ,FM,) 2l

H(FM”FMA-) = Zw,'PJ(L(P)ij»L(P)k/) (16)
]2 R A R R R R
@ (FM) FRAR @~ (FM,) Ny

& (FM,) = L > II(FM,,FM,) =
m =

LS T (L), L)) (1m)
@ (FM,) = % iH(FMk,FML.) -
S S (L) L)) (18)
BB LA (M)
&(FM,) = @* (FM,) - & (FM,) (19)

HERA MR (R AT e A X
HEFF

3 EBISH

FE LSRRI 0 Ao 1) SR B T RE R A,
IR S BUAL R I R o A5 R T
B PEAT AL B A e, M 52 BURE 15 I LB R K A



5 11 3]

B PEAE 4 2R BRI BRI T 45 T PROMETHEE ) itift FMEA

2271

N LALE, IF X H A S E AL, A SCRLE A Eb
M A B9 46 4 32 # 2R  PEAL X R, FMEA
BAEH 3 220 0ok B 4E4E S W R TT T K
(E, \E, E,) HIL, B RALE A 5354 0.2.0. 4
0.4, FMEA [A] BAR I 845 55 5 D) RE 25 48 1 s 1 5
BRI PUN AT R AR 2R 6 AV SR A 2 ol
ST T CFML ) e %% ol 3 1% (18] 41 2l A 75 (FM,) |
SCAG B PR 18 (FM, ) TR B (FM,,) |
Jig el B AL S8l (FMy) e AL (FM) o
3.1 ETSHE PLTS BB B R 1E
3 FARE B B Ll 1 5 R 4 5 K P 1k
AN [FPRLEE PLTS S 2% ANl B 455 2006 T KU R 7 O
S A D AT HR IO, B S R R TE H R TR
8§ S* sk, M E, S 7 REMIE S ARIBEE S, Bk
EERIEEFFIEFTERR S = {s:K, 57
{Eﬁ,si;ﬁP%,si :f‘fﬁ%,si:%€ ,57 = %sé:ﬁEﬁE,ST:

MG, s e REAIG 53 e P25 sy R T ss o R s s AR I | o

W 3 1 E KA 6 AR A 1 B JF
CRTER2H,

PPt ST MR N IEARIE F I L E, 4Rt
PEAG B R = [ L (p)y e, ¥ kN
(L7 (p),Jews, 3 3 B, b A L' (p),, =
[5500.5),s3(0.5) | Jfl, & A AL (10) 35
L’ (p), A4 & AR E BB S5%0 PLTS 43 51
H:Ly(p) = 1s5 (1)}, Li(p) = {s;(0.5),
59(0.5) |, A R AL 4> 9 M [0.5,0.5]", )5
BRI (4) BEB/FL (p), =15:(0.5),
sZ(O. 25) ,sg(o. 25) 1},

SR IxE 3 i FATAG 5 B R AT bR AL Ak B
EAGFITE A =10.2,0.4,0.41 I RAIER(3)
T (4) B4R 25 5 0 I VA A0 I 75 T 1A i e
HHE R =L (p);le., WK 4 FimR,

R2 3MERRH/MBRIESTITMEER

Table 2 Probabilistic linguistic evaluation information provided by three experts
E, RF, FM, FM, FM, FM, FM, FM,
0 [53(0.8) 1 {53(0.8),5(0.2) } {53(0.8)} {5(0.8),55(0.2) 1 {57(0.5),5(0.5)}  {s7(0.4),5(0.6)}
Ei S {5(0.5),5(0.5)F  153(0.4),53(0.4) ) [53(0.4),57(0.6)}  {53(0.5),55(0.5)}  {s(0.4),53(0.6) | {53(0.8) |
D 155(0.5),55(0.5) | [55(0.6),5](0.4)] [3(1)] [53(0.8) | [57(0.2),53(0.8)) } [s3(D}
0 {55(0.2),5:(0.8) 1 {s5(0.5),s2(0.5)}  {53(0.8),s55(0.2)}  {51(0.8),55(0.2)} {55(0.75),55(0.25)} {s](0.4),5(0.6)}
153(0.2) ,53(0.6),
) S M;(O.25),s7,(0.75)} i ]SZ(O.S),J;(O.S)E {51(0.4),3';(0.4)} %.s§(0.8>,sz(0.2)} %sZ(O.S),s;(O.S)f
E, 55(0.2) }
{53(0.25) ,52(0.5), 157(0.25),s3(0.5),
p 52(0.255)} [50(0.25) 5 (0.75) | 153(0.2),53(0.8)|  {s3(0.8),50(0.2)} ' .v;(O.ZSz)} 151(0.75) ,57.(0.25) |
(7 7 %31(0'2)’32(0‘2)’ 7 7 7 7 7 7 (7 7
0 155(0.8),s,(0.2)} 7(0.6)] 155(0.2) ,5,(0.8) | 155(0.8),55(0.2) } 151(0.4),5,(0.6) | 1{s5(0.4),s5(0.4){
51(0.6) |
E 52(0.25),53(0.5),
TS 100029 510.75) ] 11(0.8) 5(0.2) ] 1(0.6) 5 (0.2)] ol 7(0)2;";1 05 50.5)]
s5(0. {
D {5,(0.6),52(0.2) 1 {57(0.6),55(0.4)} {5(0.75),5(0.25)} {s1(0.8),s0(0.2)} {57(0.8)} {55(0.2),50(0.8) 1
x3 —HULBERHNERIGEEITH/ER
Table 3 Unified E; s evaluation information of each failure mode
RF, FM, FM, FM, FM, FM; FM,
157(0.4),s1(0.4), 152(0.8),s2(0.1), {s7(0.25),s:(0.25), {s1(0.2),52(0.2),
o 110.8) sy ( 7 ) 5s5(0.4) 141(0.8) ] 53 ( 7 )24 (0. 1), i ( : ) 485 ( ), dsi( : ) +$3(0.2)
56(0.2) 4 s5(0. 1)} 53(0.5) } 53(0.6)}
157(0.5),51(0.25), 155(0.4),55(0.2), [s5(0.2),s1(0.2), {5(0.25),s1(0.25), 1{5](0.4),5(0.3), [57(0.4),
57(0.25) | s3(0.2) | 5¢(0.6) | 5¢(0.5) 53(0.3)} 57(0.4) |
155(0.25),51(0.25), {7(0.6),5](0.2), 1571(0.1),57(0. 1),
T PR {1 | [51(0.8) | T [sh(1) |
5¢(0.5) 1 $5(0.2) } 53(0.8)}

3.2 REEFNERE

HA FMEA P BN S 00 2 BT , 8 5 451> TR &
M) B AL f 22 XU PR 9 i e PR 1) 2, B S
6 Fr7n , AR AE (L) UK R 1~ I AL L
B B A5 T RS FMEA BIAL K

153 i KUK R - 2 A 2 % HCRCEE A = 10.2,0. 4,
0.4}, 3K A MU I 1) & B E WAL TR ] = 10. 341,
0.486,0. 173}, #EF45R MR 7 FiRs.

KRR SR R = [ L (p), 14, 10 75
SPRRBUEER = [ L7 (p) [ 1o, FIA L (13) A
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Table 4 Group failure evaluation matrix
RF, FM, FM, FM, FM, FM, FM,

H;(O),SZ(O.4), %sZ(O. 16),5;(0.36), H;(O),sl(o.4),
53(0.6) | 50(0.48) | 51(0.6) |

152(0.02) ,57(0.18), {s7(0.21),51(0.2), {s](0.2),55(0.48),
51(0.8)} 55(0.59) | 55(0.32) 1

153(0.05),57(0.3), {s3(0.13),55(0.37), {55(0.24),5{(0.22), {s{(0.1),s7(0.25), {s](0.16),5(0.34), {s5;(0),5(0.5),

55(0.65) | 57(0.5) 52(0.5) |

{s1(0),50(0.36), {s7(0.12),57(0.22), {s1(0),s1(0.38),
s1(0.64) | 51(0.66) | 50(0.62) |

55(0.65) | 57(0.5) 57(0.54) |
{56(0.2),51(0.35), 1{s5(0.22),51(0.2), {s53(0),5,(0.38),
D
$7(0.45) s71(0.58) | s1(0.62) |
x5 REMENRKEETFERZ@OE
Table 5 Preference rating vectors for the
best risk factor
E, RFy 0 S D
E, S 2 1 8
E, S 9 1 3
E, 1 3 8
x6 REMENKNKEETFIERE@DE
Table 6 Preference rating vectors for the
worst risk factor
E, RFy [0} S D
E, D 2 8 1
E, 0 1 7 4
E, D 7 3 1
x®7 REEFEYUNE

Table 7 Subjective weights of risk factor
E, 0 s D CR
E, 0.246 0.663 0.091 0.157
E, 0.078 0.622 0.300 0.191
E, 0.652 0.261 0.087 0.112
w? 0.341 0.486 0.173

A(14), 53 XK HF/E H =1 -0.478,
-1.556, - 1.292| fl &% WAL Fw] = {0.234,

[9.500 0.038 0.500
E§.962 0.500 0.962
[Q.500 0.038 0.500
Py (La(p) oL (p)) = md.462 0.039 0.462
Eg.153 0  0.153
[0.180 0  0.180
[9.500 0.521 0.095
E§.479 0.500 0.169
[Q.905 0.831 0.500
P2(La(p) L (p)) = H.750 0.718 0.263
E9.484 0.512 0.133
[0.708 0.663 0.407

0.538
0.961

0.404,0.362} . F A (15), Hok v WE N
0.5, % 3= WL AN & WAL T 3R 5 45 21 XU Y 725 5 AL
T4 w, = 10.287,0.445,0. 368 ,
3.3 E F PL-PROMETHEE g & [&E & =X XU B&
HeFr

L (5) T8 A KB PR T il B A < Ta] Ay
FRERE p;(L(p),;,L(p) ;) , FFAR A0 (16) ff s g e
B L A 0 00 S e B 1T (FM, FM, ) o A
A7) X (18), o 5l e 81 X A O A
@ (FM,) Jii A @ (FM,) Flifii & @ (FM,) 7y
5k
@ " (FM,) = {3.025,2.722,3. 440,3. 636,1. 927,
3.250); &~ (FM,) = {2. 975, 3. 278, 2. 560,
2.364,4. 073,2. 750 | ; @ (FM,) = {0. 050,
~0.556,0.880,1.272, —2. 146,0. 500 |

e 2%, B I S (R B A 1 I A R HE
N :FM, > FM, > FM, > FM, > FM, > FM,, J{
rh FM A S XS die s e B A 2, T 3 i e 4l
JRUIBS: 0 56 J32 17 9 o G 3, FM IXUR IR 2, e IR XL
B il AR 5 FM

0.847 0.820
1 1 U

O
0.5938 0.847 0.820[O

0.500
0.076
0.191

S O O O o O

.250
.282
.737
.500
.293
.511

O
0.924 0.809

0.500 0.456%
0.544 0.50001

0.516 0.292
0.488 0.3374

|
0.867 0.593(]
0.707 O.489E%
0.500 0.3430

M

0.657 0.50001
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O

i
ps(Ly(p),Lis(p)) :E§

]

La.

8. 500

%4@

[Q.553
IT(FM,,FM,) = % 623

[d.278
O
d. 531

.500

.267
.586
Ld.

1 0.

0 0.500 O.

070

0.946 0.
1
0.915 0.

614 1

0.511
0.500
0.634
0.598
0.473
0.563

0.447
0.366
0.500
0.518
0.229
0.500

973 0.414

054 0
500 0
1 0.
471 0
1 0

0.377
0.402
0.482
0.500
0.164
0.440

S O O © o O

500
.043
.587

.722
.527
L771
. 836
.500
717

0.

0
0
0
0

930 0.386

. 085 o U

O

529 0 0O

O

957 0.413

500 o0 O

0

1 0.500C]
0.469
0.4374

)
0.500 7]

0
0.560
0.2830

0
0.500 ]

3.4 RYESHILSH
DR TR 1~ 1) £ AL AR R B2 b Mk 1 20

FCE Ry, Hoy ZAE[0, 1] R A2 b it i 4 2 4L,
TEASCZ B R E R 0.5, HIRTE ¢ %X i 56
AR 52 By AN A B 1 B0 6 Fl 2k g A
2 XU 35 R HE P 25 R an 18 2 s

P8 2 Af 1, Yy <O. 8 I, i e A X 1 45 4%
M F7 JUSF- AN 32y {08 52 1, 33X 156 W 3K 4 il s A oK
T 53 3 UL W A VP Ak A 2 % 00 PR 2R 9 Tl LAY
AAIF A EEE 2 y > 0. 8 1, FM, F1 FM, XU HF
ZPEE N FM AT FM, XU HE4S R %, Bk &
TE A SC G251 H SR FH Al 2 X0 A9 XU PR A R X e
B RV HE P A — i, 35 F LA B Ar#r, 7
BLAZHY FMEA JRUR: DAl o 2 o, 75 AR 4 KUK 17
il S bR A 55 L GO PEAR A 00 7R R OR 5 B
FEIE Yy H

Sk B IR A SC T 4 Tk 1 B A RO R
AL H Y PL-PROMETHEE Jr 3 5 {4 45 FMEA
P SCHR[ 1S 42 4 /9 PL-TOPSIS Jy 3% F1 3C#K [ 8 ]
$& /) HFL-PROMETHEE J5 35 /E %) L 40 B . 4%
4 77 A5 B ASE XU HE e 4 R B TR 8
Hi, H o PL-TOPSIS J7 i fil HFL-PROMETHEE
Ty B A SCORUR: R 728 G AL, 5 AR SO A

[7] fr) 2 : PL-TOPSIS J5 35K TOPSIS ¥ € Bt i
IR 0 e R AR SRR HE P W i HFL-
PROMETHEE J5 i U R FI AU B A M0 35 75 4 HFLTS
DAL R KU 15 8 o

HiZ 8 WL, AR 4 Fh 7 5 AR B R X
HEF 45 R A 58 A AR [A)  (HARHE FM, F1 FM 23531 A
SE g fi i A AR A 5, — E R B IRE T AR
ST A R Beoh, 1B 3 Hlizz 1 4 FhO7 ik 3
J 800 09— Al Ak B e A o1 HE P AR X i 22
i, o PL-PROMETHEE fi £& ) 20 i@ 5 5 K, &
WR A AR SC 7 9 A 5 R A5 P A 8 ) B R T A
3 Mk

K2 S8y MBURIE AT

Fig.2 Sensitivity analysis on parameter y

®8 ARFEHEEXXEHEFF LR

Table 8 Risk ranking comparison of failure modes by different methods

e %45 FMEA PL-TOPSIS!'3 HFL-PROMETHEE'®/ PL-PROMETHEE
5 0 S D RPN ¥ CI(FM,) HEF¥ @(FM;) HEF¥ @(FM;) He7
FM, 5 6 7 210 3 -0.743 4 0.176 3 0.050 4
FM, 8 4 6 192 4 -0.962 5 -0.440 5 -0.556 5
FM; 6 8 4 192 4 -0.556 3 0.368 2 0.879 2
FM, 5 6 9 270 1 0 1 2.017 1 1.272 1
FM, 3 6 5 90 5 -1.368 6 -2.167 6 -2.146 6
FM, 4 7 9 252 2 -0.353 2 0.045 4 0.500 3
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A T Hik; 5 HFL-PROMETHEE it e 455 =X HE 3 it
FAHEL, W #E FM FT FM, B HE 0 & AR 5o
T 30X $ 22 5 R RE I A O - O X H AR B8 FMEA Jy
5% 7% W 19 %k 5% 1 HFL-PROMETHEE % I 11
HFLTS , 2 3C{fi i PLTS i % 5¢ A 0% 05 i o, 0 4%
I S BRAR OLBE HE XU PR AL . Q1% 8 FMEA J5 i
Hh XU R - B ) 4 B SR, A SCR ISR
WAL S U AU R A, e v T E & W
B J5 2k R %, @ PL-TOPSIS fifi ] TOPSIS >
ARAT W R g XU 45 2%, TOPSTS HAT P 5 b 43
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P 3 T[] 5 ik e B A IR AR X i 22 it
Fig.3 Relative deviations between failure

modes by different methods
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Improved FMEA method based on PROMETHEE in multi-granular
probabilistic linguistic environment
JU Pinghua, CHEN Zi, RAN Yan" , HU Xiaobo

(State Key Laboratory of Mechanical Transmissions, Chongqing University, Chongqing 400044, China)

Abstract: With respect to some inherent drawbacks regarding failure mode evaluations, risk factor
weights and risk priority ranking in traditional failure mode and effect analysis ( FMEA ) method, an improved
FMEA method based on preference ranking organization method for enrichment evaluations (PROMETHEE) in
multi-granular probabilistic linguistic environment was proposed. The multi-granular probabilistic linguistic
term sets (PLTS) were used to characterize the diversity and uncertainty of experts’ assessment information,
and a new linguistic computational model was developed based on the 2-tuple linguistic transformation formulas
to unify the multi-granular risk assessment information provided by FMEA team members. Best-worst method
(BWM) and the entropy weighting method were adopted to determine subjective and objective combined
weights of risk factors. The PROMETHEEE was extended to probabilistic linguistic environment to determine
the risk ranking of failure modes. Finally, an empirical case concerning the failure risk evaluation of tray auto-
matic exchange device was presented to demonstrate the practicality and effectiveness of the proposed method,
and sensitivity analysis and comparison study were also performed to show its merits.

Keywords; failure mode and effect analysis (FMEA) ; probabilistic linguistic term sets ( PLTS) ; multi-
granular linguistic ; preference ranking organization method for enrichment evaluations ( PROMETHEE) ; best-

worst method (BWM)
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Optimal transition tilt angle curve of tiltrotor UAV

ZHOU Yu, LIU Li~

(School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract: A dynamic model of a typical tri-tiltrotor UAV was established. The optimal tilt angle curve in
the transition process was studied to reduce the influence of lateral coupling on longitudinal motion, and energy
consumption. Based on the analysis of the influence of the tilt angle curve on the transition process, a im-
proved motion profile algorithm was proposed to parameterize the tilt angle curve. A two-phase optimization
scheme was proposed to optimize parameters. In the first phase, the minimum coupling degree of lateral con-
trol and the minimum energy consumption of the transition process are considered. The optimal tilt angle prob-
lem model was constructed by using the curve parameters as the optimization variables. The optimal tilt angle
problem was solved by genetic algorithm. In the second phase, a servo dynamics model was introduced for fur-
ther optimization to reduce the overshoot in the end-stage considering transition time and system overshoot. The
results of comparison with the three existing typical tilt angle curves show that, in given transition time, the
proposed optimal tilt angle curve effectively reduces the lateral control coupling degree and the energy con-
sumption during the transition process, and reduces the overshoot at the end of the transition.

Keywords ; tiltrotor; transition process; tilt angle curve; genetic algorithm; coupling degree of lateral con-

trol
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Transient simulation on pressure relief process of engine nacelle
WANG Chenchen', FENG Shiyu""* |, PENG Xiaotian' , DENG Yang’, CHEN Jun’

(1. Key Laboratory of Aircraft Environment Control and Life Support of Ministry of Industry and Information Technology, College of Aerospace
Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. Commercial Aircraft Engine Co. , Ltd. , Aero Engine Corporation of China, Shanghai 200241, China)

Abstract: The design of the engine nacelle pressure relief door will affect the safety of the nacelle. The
pressure relief is a dynamic process, which is related to the pressure inside and outside the nacelle, the
freestream Mach number and the structure of the pressure relief door. Based on the Modelica language, a zero-
dimensional transient simulation mathematical model of the nacelle pressure relief process was established, and
the pressure relief door (PRD) discharge and moment coefficient under different opening angles were calculat-
ed via computational fluid dynamics (CFD). Then those coefficients were substituted into the zero-dimensional
transient simulation model, and the variation relationship of key parameters such as the plenum compartment
pressure and opening angle of the PRD with time during the pressure relief process is obtained. The influence of
the plenum compartment pressure threshold and the maximum opening angle of the PRD on the pressure relief
process was analyzed. The study results show that reducing the plenum compartment pressure threshold for PRD
opening will reduce the time required for the pressure relief process reaching to the equilibrium stage, but has no
effect on the plenum compartment pressure and reciprocating swing angle/amplitude at equilibrium stage ; prop-
erly reducing the maximum opening angle can effectively reduce the PRD reciprocating swing angle/amplitude in
the equilibrium stage, and has no effect on the pressure relief rate in the initial stage and the plenum compart-
ment pressure in the equilibrium stage, but excessive reduction of the maximum opening angle will decrease the
pressure relief rate in the initial stage and increase plenum compartment pressure in the equilibrium stage.

Keywords: engine nacelle; pressure relief process; transient model; pressure relief door; computational

fluid dynamics ( CFD)
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A bearing fault diagnosis method based on semi-supervised and
transfer learning

ZHANG Zhenliang, LIU Junqiang” , HUANG Liang, ZHANG Xi

(School of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract: Aimed at the problems of insufficient prediction accuracy and over-fitting in the fault diagnosis
process of aero-engine bearing, a semi-supervised integrated learning device based on transfer learning ( SSIT)
is proposed to predict engine bearing fault. First, transfer learning based improved extreme learning machine
(TELM) and support vector machines (TSVM) were trained by adding the high-similarity sample of different
target space to the original sample space, which is integrated to identify the tag sample with the corresponding
learning. Then integrate the same cluster learner with the corresponding base learner to identify the unlabeled
samples, Next, the constituted semi-supervised learning device constantly adjusts the initial learning unit
weight, and continues to integrate semi-supervised learning recognition results into SSIT, which will be used to
identify faults after feature identification and extraction by this learning machine. The experimental results
clearly show that this algorithm can effectively reduce the negative transfer effect in transfer learning, improve
the transfer accuracy by about 10% , reduce the over-fitting effect in machine learning, and improve the stabil-
ity of semi-supervised learning. Compared with the existing prediction method, this algorithm can improve the
accuracy by more than 9% .
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Table 1 Running-in test parameters of slip ring
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Fig.2  Contact surface morphology by

electron microscopy



2306 b5 M = MK k% F M

A fu S 4R

2019 4¢

JIr A% 8 4 R LS A SR AT X L, X e 2
RWNE 3 Fros. i BRTAL, 22 500 B 5 I A
TYR T4 R 5 1 25 2R W) & R o, B R 22
HBLAE 0.36 N 4k, N 52 mg, W ZEAL K 4.03% , H.
AR U S AR S B R P, AT LA AR ) I 5 R R
A B B PRE S HER 1

B3 e A R S R 2 SRR L

Fig.3 Comparison between test results and model results
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Fig.5 Probability density curves of scale parameter
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Fig. 6 Probability density curves of shape parameter m
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Fig.7 Probability density function curve of slip ring
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Fig.9 Failure rate function curve of slip ring
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Fig. 10  Estimation result of different methods
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Reliability evaluation of slip ring based on multi-field coupling
modeling and Bootstrap method

LIU Xianjun', SUN Yuanhang', WANG Yongsong’, SHI Yingying’, SUN Xiwu’, YU Jianbo' *

(1. School of Mechanical Engineering, Tongji University, Shanghai 201804, China;
2. Shanghai Aerospace Equipment Manufacturing Factory Co. , Ltd. , Shanghai 200245, China)

Abstract: The aerospace electric slip ring is a core component of the satellite solar battery array drive as-
sembly. Its reliability is related to the satellite life. Due to the high cost of the space slip ring life test, the
long test period and the small amount of sample data, it is difficult to obtain the large-size sample life data.
Thus, it is difficult to conduct reliability evaluation using traditional statistical method. In order to solve these
issues above, this paper proposes a reliability evaluation method based on friction and wear model. The Hertz
theory and heat transfer method are used to calculate the contact area and temperature rising in the process of
the friction pair wear, respectively. The effect of thermoelectric multi-field coupling on the friction pair wear is
quantified. A multi-physics coupled wear model based on adhesive wear is established. The parameters of slip
ring life distribution are estimated using improved Bootstrap method with the life data obtained from the multi-
physics coupled wear model. Finally, a series of slip ring reliability indicators are obtained combined with the
conventional reliability prediction method. The method comparison results indicate that the improved Bootstrap
method provides not only high evaluation accuracy, but also weak subjectivity and flexible applicability. The
method evaluation results show that all reliability indicators obtained from the proposed method are in line with
the engineering reality, which have powerful application values in practical engineering.

Keywords: space slip ring; multi-field coupling modeling; life prediction; Bootstrap method; reliability

evaluation
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Theoretical of reactor performance in oxygen
consumption based inerting system
XIE Huihui', FENG Shiyu"* , PENG Xiaotian' , PAN Jun’, WANG Yangyang’

(1. Key Laboratory of Aircraft Environmental Control and Life Support of Ministry of Industry and Information Technology, College of
Aerospace Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. Aviation Key Laboratory of Science and Technology on Aero-Electromechanical System Integration, Nanjing Engineering Institute of Aircraft

Systems, Aviation Industry Corporation of China, Nanjing 211106, China)

Abstract: In order to research the working performance of the reactor in oxygen consumption based fuel
tank inerting system, the solid phase energy equation was added in the form of UDS to establish the two tem-
peratures reactor model with gas-solid two-phase coupled heat transfer on the basis of Fluent 17. 0 software por-
ous medium model, the reaction kinetic equation was tested experimentally with Daqing RP-3 fuel as the ob-
ject, and the chemical reaction was added in the form of UDF source terms to simulate the reactor. This paper
studied the effects of different operating conditions on the inerting efficiency of the reactor, as well as the inter-
nal temperature of the reactor in inerting process and variation characteristics of RP-3 concentration. The re-
sults show that the effect of reactant concentration on conversion is related to the saturation value of oxygen
concentration ; the absence of additional cooling will lead to temperature run-away, and the chemical reaction
mainly occurs in the second half section of the reactor and is close to the reactor axis. Therefore, when desig-
ning the reactor in the future, additional cooling measures should be considered to prevent the temperature
run-away and make the temperature of the catalytic bed evenly distributed to improve the work efficiency of the
reactor.
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Fig. 1  Schematic diagram of taxiing speed

variation of a departure aircraft
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Fig.2 Schematic diagram of departure taxiway system network
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Design and evaluation of green taxiing strategy for
departure aircraft during peak hours
ZHENG Lijun, HU Rong" , ZHANG Junfeng, ZHU Jialin

(College of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract: In order to effectively reduce the congestion delay and pollutant emissions of departure aircraft
during peak hours in large hub airports, the design and evaluation of different taxiing strategies are carried
out. Firstly, the calculation model of departure aircraft taxiing cost including environmental cost is estab-
lished. Then, three different departure aircraft green taxiing strategies are proposed: punctual pushback,
stand holding and speed optimization. Finally, targeting the minimum total taxiing cost, the genetic algorithm
is used to carry out example simulation, to solve the optimal taxiing route under different strategies, and to
compare and analyze the effectiveness of different taxiing strategies on congestion mitigation and emission re-
duction. The results show that, compared with the punctual pushback strategy, the stand holding and speed
optimization strategy can reduce the total taxiing time by 5.90% and 22.49% , and has good congestion miti-
gation effect. In addition, the stand holding strategy has the lowest fuel consumption and emission cost, and
the speed optimization strategy has the lowest pollutant emissions, so both of them have certain emission reduc-
tion effect.
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Table 1 Network parameter configuration information

2% VL IR

VLW R i T BAG/ms

1 ~50 1 3 540 128
51 ~100 1 5 334 32
101 ~110 1 23 200 32
111 ~ 160 2 9 1510 64
161 ~210 2 17 55 64
211 ~260 2 24 100 32
261 ~280 2 4 144 32
281 ~330 4 7 670 8
331 ~380 4 19 126 4
381 ~430 5 20 203 4
431 ~480 6 16 132 16
481 ~530 6 23 411 16
531 ~560 7 6 90 16
561 ~590 7 19 46 2
591 ~ 620 8 11 76 32
621 ~ 680 8 17 23 64
681 ~730 10 2 258 64
731 ~780 10 8 560 32
781 ~810 11 9 640 8
811 ~840 11 8 710 32
841 ~870 13 16 861 16
871 ~880 14 12 96 16
881 ~900 15 13 147 64
901 ~ 1000 18 21 100 128
1001 ~ 1100 22 6 460 128
1101 ~ 1200 24 11 200 32
1201 ~1300 16 21 340 32
1301 ~ 1400 17 14 260 32
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Table 2 Network calculus configuration information

4% VL Kl AE

A g b <
VL AT A B R WU Byte BAG/ms

1~5 1 3 540 128

111 ~116 2 9 1510 64

161 ~ 165 2 17 55 64

381 ~385 5 20 203 4

431 ~435 6 16 132 16

561 ~565 7 19 46 2

781 ~785 11 9 640 8

871 ~875 14 12 96 16

BT 1 4% Y S A3 i A AR 1101 ~1105 24 11 200 32

1301 ~1305 17 14 260 128

Fig.7 Deterministic network calculus analysis model
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Fig.8 Network calculus comparison of the worst end-to-end delay between artificially designed network topology

and algorithm generated network topology
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AFDX network topology generation based on degree centrality
WANG Zhiyu', HE Feng'*, GU Xiaoyan®

(1. School of Electronic and Information Engineering, Beihang University, Beijing 100083, China;

2. School of Information Management, Beijing Information Science & Technology University, Beijing 100192, China)

Abstract; With the development of mission requirements and technologies, avionics systems continue to
evolve into deep integration, and the complexity of systems has brought enormous challenges to the design and
verification of networks. How to realize real-time performance guarantee of avionics information interaction
through network generation under restricted resources is an urgent problem to be solved. According to the rela-
tionship between the sum of the maximum communication frame lengths of all virtual links between terminal
nodes, the avionics full duplex switched Ethernet ( AFDX) network topology generation algorithm based on de-
gree centrality theory is proposed to improve the existing topology design method that cannot control the avion-
ics network in real time. All the terminal nodes are collectively divided according to the data frame length be-
tween the terminal nodes which is used as a measure of the degree of the node. The switch performs dynamic
connection according to the data frame length of the terminal node in the set. Deterministic network calculus
and simulation methods are used for performance evaluation of AFDX network topology generation algorithm
based on degree centrality. The results show that 75% of the VLs’ real-time performance in the network topol-
ogy based on degree centrality is better than the original artificially designed network topology using the deter-
ministic network calculus method under the networking of small-scale virtual link, and the end-to-end delay is
reduced by on average of 9.37% . The results show that 94.3% of VLs real-time performance in the network
topology based on degree centrality is better than the artificially planned network topology. And the end-to-end
delay is reduced by 50.2% on average using the OMNet + + simulation method under the networking scale of
1400 virtual links. Therefore, the results show that the topology generation algorithm based on degree centrali-
ty greatly improves the real-time performance guarantee of the network.
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Fig. 6  Vehicle lateral control scheme
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Perception and control method of driverless mining vehicle

LI Honggang, WANG Yunpeng, LIAO Yaping, ZHOU Bin", YU Guizhen

(School of Transportation Science and Engineering, Beihang University, Beijing 102206, China)

Abstract: In order to solve the problems of low production efficiency and frequent safety accidents in
mining areas, a driverless perception and control method for mining vehicles was proposed. In the part of per-
ception, a multi-target recognition architecture based on the fusion of lidar and millimeter-wave radar was de-
signed. On the basis of data association, the joint probabilistic data association ( JPDA) algorithm based on
Kalman filter was applied to realize multi-target recognition in mining environment. In the control part, the lat-
eral control and longitudinal control were decoupled by the way of path preview tracking, and the deviation was
corrected in real time through the feedback mechanism to realize the accurate lateral and longitudinal control of
the driverless mining vehicle. In addition, the driverless system platform of real mine vehicle was built, and
the above perception and control methods were tested in different scenarios in the mining area. The experimen-
tal results show that the perception algorithm realize the accurate detection of the drivable area of the mining
road, and identify a variety of obstacle types. The control algorithm realize the accurate control of the longitu-
dinal speed and lateral position of driverless mining vehicles in uphill and downhill scenarios, so as to meet the
of practical applications.

Keywords . traffic engineering; driverless technology ; information fusion; preview tracking; mining vehi-

cle
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